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ABSTRACT
End s ta g e  r e n a l  d is e a s e  i s  a te r m in a l  i l l n e s s  w hich i s  p e rv a s iv e  
in  i t s  i l l  e f f e c t s .  W ith th e  ad v en t o f  h e m o d ia ly s is  th e  end s ta g e  
r e n a l  p a t i e n t  i s  in  th e  f o r tu n a te  p o s i t i o n  o f  ad d in g  p ro d u c tiv e  y e a rs  
t o  h i s / h e r  l i f e .  R esea rch  id e n t i f y in g  th e  i n t e l l e c t u a l  s e q u a la e  o f  
end s ta g e  r e n a l  d is e a s e  ( u n tr e a te d  by d i a l y s i s )  h a s  shown t h a t  th e s e  
p a t i e n t s  ev id en ce  c o g n i t iv e  d y s fu n c tio n  s u g g e s t iv e  o f  c e r e b r a l  im p a ir ­
m en t. A f te r  b e g in n in g  h e m o d ia ly s is  a  g e n e r a l  im provem ent in  c o g n i t iv e  
fu n c t io n in g  i s  o b se rv e d .
The number o f  r e s e a r c h  i n v e s t i g a t io n s  on th e  c o g n i t iv e  fu n c t io n in g  
o f  t o x i c a l l y  u re m ic , u n d ia ly z e d  p a t i e n t s  and th o s e  new t o  d i a l y s i s ,  ex ceed s  
r e s e a r c h  a c t i v i t y  on th e  c o g n i t iv e  and s e n so ry -m o to r  fu n c t io n in g  o f  th e  
lo n g  te rm  h e m o d ia ly s is  p a t i e n t .  The l a t t e r  a r e a  was th e  p ro v in c e  o f  th e  
p r e s e n t  s tu d y .
The p u rp o se  o f  t h i s  s tu d y  was t o  answ er t h r e e  q u e s t io n s :  1) How
d o es  t h e  c o g n i t iv e  and se n so ry -m o to r  fu n c t io n in g  o f  th e  long  te rm  a d u l t  
h e m o d ia ly s is  p a t i e n t  com pare w ith  a v a i l a b l e  norms f o r  a  norm al sam ple?
2) What p a t t e r n s  o f  s t r e n g th s  a n d /o r  w eak n esses may be found in  th e  co g ­
n i t i v e  and se n so ry -m o to r  fu n c t io n in g  o f  th e  c h ro n ic  h e m o d ia ly s is  p a t i e n t ?  and
3) Do s i g n i f i c a n t  changes in  c o g n i t iv e  and se n so ry -m o to r  f u n c t io n in g  o ccu r 
when p r e ,  p o s t ,  and p r e - d i a l y s i s  p e rfo rm an c es  a r e  com pared? I f  so , do 
s p e c i f i c  serum  m easu res  seem t o  be c o r r e l a t e d  w ith  ch an g es in  c o g n i t iv e  
and se n so ry  m otor p erfo rm an ce  when t e s t  r e s u l t s  a c ro s s  r e p e a te d  t e s t  ad ­
m in i s t r a t i o n s  a r e  com pared?
To answ er th e s e  q u e s t io n s  14 m ale and 6 fem a le  a d u l t  c h ro n ic  r e n a l  
p a t i e n t s ,  s t a b i l i z e d  on h e m o d ia ly s is  f o r  a t  l e a s t  10 m onths, w ere a d m in is te r -*  
ed a  r e p e a ta b le  b a t t e r y  o f  c o g n i t iv e  and se n so ry -m o to r  t e s t s ,  j u s t  p r i o r  
to  t h e i r  midweek d i a l y s i s  (DQ) , a p p ro x im a te ly  tw e n ty  t o  tw en ty  fo u r  h o u rs
i i
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l a t e r  (D^) and a g a in  j u s t  p r i o r  t o  t h e i r  end o f  th e  week d i a l y s i s  (D2) .
A t each  t e s t  s e s s io n  s u b je c ts  w ere a l s o  a d m in is te re d  a  s u b je c t iv e  r a t in g  
s c a l e .  T h is  s c a le  was d e s ig n e d  t o  m easu re  s e l f  p e rc e iv e d  changes in  
p s y c h o lo g ic a l  and m e d ic a l s t a t e s  a c ro s s  Do, and D^, f o r  p u rp o se s  o f  
i d e n t i f y i n g  p o s s ib le  s o u rc e s  o f  unw anted v a r ia n c e  w hich m igh t have a f f e c te d  
c o g n i t iv e  and sen so ry -m o to r  f u n c t io n in g .  F i n a l l y ,  b lo o d  sam ples 
w ere drawn a t  each  t e s t  s e s s io n  t o  d e te rm in e  l e v e l s  o f  BUN, c r e a t i n i n e ,  
sodium , p o ta ss iu m , c h lo r id e ,  c a rb o n  d io x id e ,  c a lc iu m , p h o sp h a te , 
d im eth y lam in e  (ph 7 -8 ,  ph > 10) and tr im e th y la m in e  (ph 7 -8 , ph > 1 0 ) .
W ith re g a rd  to  l e v e l s  o f  p e rfo rm a n c e , d i a l y s i s  p a t i e n t s  s c o re d  
w i th in  th e  norm al ran g e  i n  a  w ide v a r i e t y  o f  a r e a s :  v e r b a l  co m prehension , 
a b s t r a c t i o n ,  s h o r t  te rm  r o t e  memory ( a u d i to r y ) , m e n ta l m a n ip u la t io n  o f  
sym bols (when no s w itc h in g  o f  s e t  was r e q u i r e d ) , s u s ta in e d  a t t e n t i o n ,  
c o n c e n t r a t io n ,  a u d i to r y  d i s c r im in a t io n ,  v is u a l -m o to r  p la n n in g  (when no 
s w itc h in g  o f  s e t  was r e q u i r e d ) , v is u a l -m o to r  r e a c t io n  tim e , v i s u a l  
r e c o g n i t io n  and i n t e r p r e t a t i o n  o f  p i c t o r i a l l y  p r e s e n te d  o b je c t s  and s o c ia l  
c u e s ,  g r ip  s t r e n g th  (m a le s ) , s u s ta in e d  m otor sp eed  (m ale dom inan t) and 
th e  maximum r e p e t i t i v e  p e rfo rm an ce  o f  an  e le m e n ta ry  lan g u ag e  f u n c t io n  
(sp eed ed  c o lo r  i d e n t i f i c a t i o n ) .
S i g n i f i c a n t  im provem ents in  p e rfo rm a n c e , from  th e  m ild ly  im p a ire d  
t o  th e  low end o f  th e  norm al ra n g e , o c c u r re d  on th e  D ig i t  Symbol and 
Speech  Sounds P e rc e p t io n  t e s t s .  T hese  im provem ents a p p e a r  to  have 
b e e n  due to  p r a c t i c e  e f f e c t s .
D ia ly s i s  p a t i e n t s  w ere c l e a r l y  im p a ire d  on t e s t s  r e q u i r in g  sp eed ed  
v is u a l - m o to r  c o o r d in a t io n ,  m otor speed  ( fe m a le s ) ,  g r i p  s t r e n g th  ( fe m a le s ) ,
i i i
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v i s u a l  s e a rc h  s k i l l s ,  v is u a l-m o to r  p la n n in g  ( in v o lv in g  th e  a b i l i t y  t o  
sw itc h  s e t)  and v i s u a l  memory. Im pairm ents in  th e  a re a s  o f  speeded 
v is u a l-m o to r  c o o rd in a t io n ,  m otor speed  and g r ip  s t r e n g th  m ost p ro b a b ly  w ere 
due to  th e  e f f e c t s  o f  p e r ip h e r a l  n e u ro p a th y . The m ost pronounced im p a ir­
ment was in  th e  a b i l i t y  t o  e x e c u te  a  p la n  in v o lv in g  th e  sw itc h in g  o f  s e t .  
Perfo rm ance in  t h i s  a r e a  was s e v e re ly  im p a ire d . W hile n o t  d e f i n i t i v e l y  
s u g g e s t iv e  o f  c e r e b r a l  im p airm en t, t h i s  pronounced d y s fu n c tio n  h as  been  
a s s o c ia te d  w ith  m ild  c e r e b r a l  d y s fu n c tio n  o f  th e  a n t e r i o r  r e g io n .
W ith r e g a rd  t o  q u e s t io n  t h r e e ,d e s p i t e  s ig n i f i c a n t  d a i l y  changes in  
serum l e v e l s  o f  sm a ll m o lecu le  and m id d le  m o lecu le  to x ic  r e n a l  m e ta b o l i te s ,  
th e r e  was l i t t l e  o r  no ev id en ce  to  su g g e s t  t h a t  d i a l y s i s  p a t i e n t s  undergo  
d a i l y  f l u c tu a t i o n s  in  t h e i r  c o g n i t iv e  and se n so ry -m o to r  f u n c t io n in g .  T h is  
f in d in g  was a t  odds w ith  p r i o r  r e s e a r c h  i n v e s t i g a t i o n s .  R esea rch  s u g g e s t io n s ,  
f o r  p u rp o se s  o f  r e s o lv in g  d i f f e r e n c e s  in  f in d in g s  and expanding  o u r knowledge 
b ase  w ere o f f e r r e d .
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CHAPTER I
INTRODUCTION
N e u ro p sy c h o lo g ic a l a s se s sm e n ts  have s e rv e d  a s  an  a id  i n  n e u ro ­
l o g i c a l  d ia g n o s is ,  a s  a  m eans f o r  a s c e r t a in in g  n e u ro b e h a v io ra l  
c o r r e l a t e s  o f  v a r io u s  sy s te m ic  d i s e a s e s  and a s  a b a s i s  f o r  r e m e d ia t io n . 
The p r e s e n t  r e s e a r c h  w i l l  u t i l i z e  v a r io u s  n e u ro p s y c h o lo g ic a l  t e s t s  to  
s tu d y  c o g n i t iv e  and se n so ry -m o to r  f u n c t io n in g  in  a d u l t s  w ith  end s ta g e  
r e n a l  d i s e a s e  on lo n g  te rm  m a in te n a n c e  h e m o d ia ly s is .
U rem ia and H em o d ia ly sis
An i n v e s t i g a t i o n  in to  th e  c o g n i t iv e  f u n c t io n in g  o f  a d u l t s  w ith  
end s ta g e  r e n a l  d i s e a s e f on lo n g  te rm  m a in ten an ce  h e m o d ia ly s is  p r e ­
su p p o ses  a t  l e a s t  a  l im i t e d  u n d e r s ta n d in g  o f  th e  te rm s  "u rem ia" and 
" h e m o d ia ly s is " .  As such  th e s e  and a l l i e d  te rm s  w i l l  be  c o n s id e re d  
h e r e . * Uremia i s  d e f in e d  a s  "The c l i n i c a l  c o n d i t io n  r e s u l t i n g  from 
a m u l t i tu d e  o f  p a th o lo g ic  p r o c e s s e s  w hich  le a d  t o  d eran g em en t and 
i n s u f f i c i e n c y  o f  r e n a l  e x c r e to r y  and  r e g u la to r y  f u n c t io n s  (u re m ia ) ."  
(Berkow, 1977, p .  7 0 5 )2 C h ro n ic  r e n a l  f a i l u r e  may be view ed f u n c t io n -
JThe r e a d e r  w i l l  be r e f e r r e d  to  v a r io u s  a p p e n d ic e s  in  t h i s  s e c t io n  
o f  th e  p a p e r ,  a c o n s id e r a t io n  o f  w hich  w i l l  a id  in  o b ta in in g  a more 
g lo b a l  u n d e rs ta n d in g  o f  th e  p r e s e n t  r e s e a r c h  p r o j e c t .
2A b r i e f  p r e s e n t a t i o n  o f  r e n a l  s t r u c t u r e  and f u n c t io n  a p p e a rs  in  
A ppendix  A.
1
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a l l y  i n  th r e e  s ta g e s :  d im in ish e d  r e n a l  r e s e r v e ,  r e n a l  i n s u f f i c i e n c y ,
and u re m ia . P a t i e n t s  w i th  d im in ish e d  r e n a l  r e s e r v e  u s u a l ly  p r e s e n t  
a s  a sy m p to m a tic . T h e ir  r e n a l  d y s fu n c t io n  may o n ly  be d e te c te d  
th ro u g h  a  c a r e f u l  d ia g n o s t ic  w orkup . I n  r e n a l  i n s u f f i c i e n c y  th e r e  
i s  a  s l i g h t  r e t e n t io n  o f  to x i c  n i tro g e n o u s  compounds (a c o n d i t io n  
r e f e r r e d  t o  as  a z o te m ia ) . T h is  i s  seen  d i a g n o s t i c a l l y  in  e le v a te d  
p lasm a u r e a 3 and  e le v a te d  c r e a t in in e * 4. W ith c o n tin u e d  r e n a l  d y s ­
f u n c t io n  f l u i d  and e l e c t r o l y t e  b a la n c e  a r e  f u r t h e r  d i s tu r b e d .  T here  
i s  an  in c r e a s e  i n  azo tem ia  and s y s te m ic  m a n i f e s ta t io n s  w i l l  occu r.®
3U rea i s  a  n i tro g e n o u s  w a s te  p ro d u c t form ed by th e  m e tab o lism  
o f p r o t e i n .  E le v a te d  p lasm a  u re a  r e f e r s  t o  b lo o d  u r e a  n i t r o g e n  (BUN), 
a  c l i n i c a l  d e te r m in a t io n  o f  t h e  amount o f  n i t r o g e n  d e r iv e d  from  u r e a .  
U rea = BUN x 2 .1 4 .  Normal BUN = 8 .2 5  m g/100 m l. The v a r i a b i l i t y  in  
th e  r e n a l  h a n d lin g  o f  u re a ,  a lo n g  w ith  th e  in f lu e n c e  o f  d i e t  and 
c a ta b o lis m  ( th e  p r o c e s s  by w hich  com plex s u b s ta n c e s  a r e  red u ced  to  
s im p le r  o n es),m ak e  BUN u n s a t i s f a c t o r y  a s  a s o le  m easu re  o f  r e n a l  
f u n c t io n .  (Berkow, 19 7 7 .)
**A n itro g e n o u s  w as te  p ro d u c t  o f  norm al m e tab o lism  produced  a t  a 
f a i r l y  c o n s ta n t  r a t e  in  th e  bo d y . (Normal V a lu e  = .7 - 1 .5  m g/100 m l. 
(Berkow, 1 9 7 7 ) .)
5See A ppendix B f o r  a b r i e f  p r e s e n t a t i o n  o f  c a u s e s  o f  c h ro n ic  
r e n a l  i n s u f f i c i e n c y  and sy s te m ic  m a n i f e s ta t io n s  o f  k id n e y  d i s e a s e .  
N e u ro lo g ic  s y s te m ic  m a n i f e s t a t i o n s  w i l l  be in c lu d e d  i n  th e  m ain  t e x t  
o f  th e  I n t r o d u c t io n .
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Uremia i s  u s u a l ly  see n  i n  p a t i e n t s  w ith  a  g lo m e ru la r  f i l t r a t i o n  
r a t e 6 o f  l e s s  th a n  10 m l/m in . C h a r a c t e r i s t i c  la b o r a to r y  f in d in g s  
o f  u rem ia  in c lu d e  n i t r o g e n  r e t e n t i o n ,  m o d era te  a c i d o s i s 7 and a n e m ia .6
6 "The g lo m eru lu s  a c t s  a s  an u l t r a f i l t e r  a llo w in g  p a ssa g e  o f  
w a te r ,  e l e c t r o l y t e s ,  and sm a ll o rg a n ic  m o le c u le s  such  a s  g lu c o se , 
b u t  n o t re d  b lo o d  c e l l s  and la r g e  p r o t e in  m o le c u le s . The u l t r a f i l ­
t r a t e  p ro d u ced  by  th e  g lo m e ru li  o f  b o th  k id n e y s  am ounts t o  ab o u t 
70 m l/m in /s q  m o r  150 L /d a y /s q  m; t h i s  r a t e  i s  te rm ed  th e  g lo m e ru la r  
f i l t r a t i o n  r a t e  (GFR) . (Berkow, 1977, p .  655'.) See A ppendix A f o r  
a  f u r t h e r  e x p la n a t io n  o f  th e  GFR.
7T here  a re  two ty p e s  o f  a c i d o s i s ,  m e ta b o l ic  and  r e s p i r a t o r y .
The b ic a rb o n a te  (HC0^~) b u f f e r  sy s tem  i s  o f  g r e a t  im p o rta n c e  h e r e .  
The H e n d e rso n -H a sse lb a lc h  e q u a tio n  p e r t a i n s  to  a c id o s i s :  
pH = 6 .1  + lo g  HC03”
(PaCo2 >
w here = .03 mM/L/trm Hg a t  38 C.
R is e s  and f a l l s  in  th e  n u m era to r  r e s p e c t i v e l y  a r e  c a l l e d  m e ta b o lic  
a l k a l o s i s  o r  a c i d o s i s .  R is e s  and f a l l s  in  th e  d e n o m in a to r  r e f e r  
r e s p e c t i v e l y  t o  r e s p i r a t o r y  a c i d o s i s  o r  a l k a l o s i s .  Im p a ire d  r e n a l  
e x c r e t i o n  o f  a c id  i s  se e n  in  c h ro n ic  r e n a l  f a i l u r e  w here th e  m a jo r 
d e f e c t  i s  i n s u f f i c i e n t  ammonia p ro d u c tio n  le a d in g  to  d e c re a s e d  io n  
e x c r e t i o n .  C02 c o n te n t  = 15-20 M/L. (Berkow, 19 7 7 .)
6H em ato log ic  p i c t u r e  i s  o f  anem ia o f  m o d era te  s e v e r i t y .  
H e m a to c r it  chan g es  v a ry  from 20-30% . (Berkow, 1 9 7 7 .)
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Serum u r e a  and serum  c r e a t i n i n e  a r e  e l e v a t e d . Plasm a sodium concen­
t r a t i o n s  may be norm al o r  re d u c e d . (Normal v a lu e  = 135-143 mEq/L.) 
H ypocalcem ia (norm al v a lu e  -  8 .5 -1 0 .5  mg/100 ml) i s  found  r e g u l a r l y .  
Serum p o ta s s iu m  i s  norm al o r  m o d e ra te ly  e le v a te d  ( l e s s  th a n  6 .5  m Eq/L.) 
(Bekow, 1 9 7 7 .)
N e u ro b e h a v io ra l s ig n s  o f  c h ro n ic  u rem ia  a re  num erous and v a ry  in  
e ach  in d iv id u a l  p a t i e n t .  The e a r l i e s t  s ig n s  o f  u rem ic  e n c e p h a lo p a th y  
a r e  ch an g es  i n  a l e r t n e s s  ( e . g . ,  d ro w s in e s s ) ,  m en ta l s lu g g is h n e s s ,  
d im in ish e d  a t t e n t i o n  sp a n , d i f f i c u l t y  c o n c e n t r a t in g ,  im p a ire d  memory, 
l o s s  o f  i n t e r e s t  i n  s e l f ,  and th e  p re s e n c e  o f  th o u g h t p r e o c c u p a t io n s .  
T h ese  symptoms may be  e p is o d ic  and  f l u c t u a t e  in  s e v e r i t y  w ith  c l e a r  
p e r io d s  o f  f u n c t io n in g  o b s e rv e d . As th e  d i s e a s e  p ro c e s s  p r o g re s s e s  
th e  p a t i e n t ' s  a t t e n t i o n  span  f u r t h e r  d im in is h e s .  T h e re  may be p e r ­
c e p tu a l  e r r o r s  in c lu d in g  m i s i d e n t i f i c a t i o n  o f  p e o p le  and  o b je c t s .  
F u r th e r  d y s fu n c t io n  in v o lv in g  p r o g r e s s iv e  im p a irm en t o f  r e c e n t  memory 
and t h e  p re se n c e  o f  m ild  c o n fu s io n  may be  e v id e n t .  I l l u s i o n s  and 
m is p e r c e p t io n s  may b e  m a n ife s te d  in  v i s u a l  h a l l u c i n a t i o n s  w here th e  
p a t i e n t  i s  a g i t a t e d  in  a  s t a t e  o f  d e l i r iu m .  D y s a r th r ia  a t te n d in g  
u rem ic  e n c e p h a lo p a th y  may be o b se rv e d  w ith  sp ee c h  b e in g  th i c k ,  
s l u r r e d ,  and s lo w . (E a r le y , 1968; Kemph, 1966; Locke, M e r r i l l  s 
T y le r ,  1961; R ask in  & F ishm an , 1976^; S c h r e in e r ,  1959; S c h re in e r  & 
M aher, 1961; T y le r ,  1 9 6 5 .)  Ginn (1975) n o te d  t h a t  e m o tio n a l i r r i -
^ A ll c i t a t i o n s  t o  R ask in  and Fishm an (1976) r e f e r  t o  t h e i r  
e x te n s iv e  rev iew  o f  th e  l i t e r a t u r e .
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t a b i l i t y  w ith  w ith d ra w a l, d i s o r i e n t a t i o n ,  c o n fu s io n , c a t a t o n i a ,  
m um bling and  m u t te r in g ,  and p a ra n o id  and com p u lsiv e  p e r s o n a l i t y  
changes may be se e n  in  p a t i e n t s  w ith  u n t r e a te d  end s ta g e  r e n a l  
d i s e a s e .
A s te r ix is* ®  i s  u s u a l ly  p r e s e n t  once th e  o n s e t  o f  s e n s o r i a l  
c lo u d in g  a p p e a rs  in  th e  u rem ic  p a t i e n t .  T rem u lo u sn ess  o f te n  a p p e a rs  
b e f o re  a t e r i x i s  i s  p r e s e n t  and  may be  a  more s e n s i t i v e  in d ex  o f  
e n c e p h a lo p a th y . M u lt i f o c h l  m yoclonus, a  g ro s s  tw i tc h in g  o f m u sc le s  
w hich  i s  sudden , a r rh y th m ic a l  and a sy m m e tric a l commonly o c c u rs  and 
i s  a  s t r o n g  in d i c a t o r  o f  s e v e re  m e ta b o lic  d i s tu r b a n c e .  (Berkow,
1977; R ask in  & F ishm an, 1 9 7 6 .)  T etany** i s  n o t  uncommon in  u rem ia  
and may be a s s o c ia te d  h e re  (T y le r ,  1968) . C r a n ia l  n e rv e  in v o lv em en t 
in  u rem ia  h a s  b een  r e p o r te d  and may be m a n ife s te d  a s  nystagm us, 
p u p i l  asy n m e try  and f a c i a l  w eakness (o f te n  t r a n s i e n t ,  v a ry in g  from 
s id e  to  s id e )  (E a r le y , 1 9 6 8 ).
M uscle w a s tin g  and m uscle  te n d e r n e s s  o c c u r  r e l a t i v e l y  r a p id ly  
in  advanced  r e n a l  d i s e a s e  (E a r le y , 1968) . M uscle  to n e  i s  u s u a l ly  
h e ig h te n e d  and may b e  a s y m m e tr ic a l . M ost p a t i e n t s  a r e  weak and 
have f o c a l  m o to r s ig n s  in c lu d in g  s t r e t c h  r e f l e x  asym m etry and 
h e m ip a r e s is .  (R ask in  s F ishm an, 19 7 6 .) T r a n s ie n t  m o n o p leg ia , h em i-
*°A rrhy thm ic hand f la p p in g  se e n  w ith  t h e  arm s o u t s t r e t c h e d  and 
th e  w r i s t s  d o r s o f le x e d  (Berkow, 1977) .
**Sensory  symptoms in c lu d in g  p a r e s t h e s i a s  o f  th e  l i p s ,  to n g u e , 
f in g e r s  and f e e t ,  c a rp o p e d a l spasm  and spasm  o f  th e  f a c i a l  m u scu l­
a t u r e  (Berkow, 1 9 7 7 ) .
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p le g i a ,  a p h a s ia ,  a p r a x ia ,  b l in d n e s s  (w ith o u t a d em o n stra b le  le s io n  
to  t h e  e y e ) ,  d e a f n e s s ,  and s e v e re  v e r t ig o  may b e  s e e n . C e r e b e l la r  
s ig n s  o f  u n s te a d in e s s  and change in  g a i t  may a l s o  b e  in  e v id e n c e . 
S tu p o r may p r o g re s s  to  sem i-com a and coma. S lu r r e d  sp eech  may 
p r o g re s s  t o  sem i-com a and com a. (S c h re in e r ,  1959 .)
C o n v u ls io n s  a r e  u s u a l l y  a l a t e  m a n i f e s t a t io n  o f  c h ro n ic  r e n a l  
f a i l u r e  and may p re c e d e  d e a th  (T y le r ,  1968) . C o n v u ls io n s  may be 
f o c a l ,  show a  J a c k s o n ia n  p r o g r e s s io n ,  o r  be o f  th e  g ran d  m al ty p e  
( S c h re in e r ,  1959) . The e le c tro e n c e p h a lo g ra m  may ev id e n c e  background  
a c t i v i t y  w ith  in c r e a s e d  c o n te n t  o f  t h e t a  and d e l t a  w aves (Jacob  
e t  a l . ,  1 9 6 5 ) . As th e  u rem ic  s t a t e  p r o g re s s e s  i n  s e v e r i t y  t h e r e  i s  
a s lo w in g  in  th e  e le c tro e n c e p h a lo g ra m  ( E a r le y ,  1968; R ask in  & 
F ishm an , 1 9 7 6 ) .
E a r le y  (1968) n o te d  t h a t  c e r e b r a l  s p in a l  f l u i d  p r e s s u r e  may be 
e le v a te d .  M eningeal s ig n s ,  c e r e b r a l  s p in a l  f l u i d  p l e o c y t o s i s 12, 
a l t e r a t i o n  o f  th e  b lo o d  c e r e b r a l  s p in a l  f l u i d  b a r r i e r ,  n u c h a l *2 
r i g i d i t y  a s  w e ll  a s  K ern ig s  s ig n 14 may o c c u r  (M addonick, Berke fi
12"The c o n d i t io n  in  w h ic h , a s  in  some d i s e a s e s  o f  th e  n e rv o u s  
system , th e r e  i s  an  in c r e a s e  in  le u c o c y te s  i n  th e  c e r e b r o s p in a l  
f l u i d . "  ( C r i tc h le y ,  1978, p .  1 3 2 9 ).
13R e f e r r in g  t o  th e  nape o f th e  neck  ( C r i t c h le y ,  1 9 7 8 ).
14"A ttem p ts  t o  f l e x  th e  knee from  th e  f le x e d  th ig h  p o s i t i o n  
a r e  m et w ith  s t r o n g  p a s s iv e  r e s i s t a n c e  (K ern ig s  S ign ) ."  (Berkow, 
1977, p . 14 2 9 .)
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S c h i f f e r ,  1950) . F ishm an and R ask in  (1967) n o te d  t h a t  " I t  a p p e a rs  
l i k e l y  t h a t  u rem ic  e n c e p h a lo p a th y  i s  in  p a r t  due t o  th e  e x c e s s iv e  
a c c u m u la tio n  o f  to x ic  o rg a n ic  a c id s  w hich  overwhelm  th e  norm al 
m echanism s f o r  e x c lu d in g  su ch  compounds from  th e  n e rv o u s  system  "
(p . 18) .
Urem ic n e u ro p a th y  o c c u rs  i n  a t  l e a s t  s i x t y - f i v e  p e rc e n t  o f  
p a t i e n t s  w ith  c h ro n ic  r e n a l ’f a i l u r e  a b o u t t o  b e g in  d i a l y s i s .  I t  i s  
p e rh a p s  th e  m ost common n e u r o lo g ic a l  m a n i f e s ta t io n  o f  c h ro n ic  
u re m ia . R a te s  o f  p r o g re s s io n  and s e v e r i t y  a r e  v a r i a b l e .  M ales have 
a g r e a t e r  in c id e n c e  th a n  fe m a le s . (R ask in  & F ishm an , 19 7 6 .) N euro­
p a th y  shows a s  a  p r o g r e s s iv e ,  p e r ip h e r a l  in v o lv em en t o f  s e n so ry  and 
th e n  m otor f i b e r s .  P a t i e n t s  on lo n g  te rm  d i a l y s i s  a l s o  may have 
n e u ro p a th y  a s  e v id e n c e d  by slow ed n e rv e  c o n d u c tio n . (T enckhoff 
e t  a l . ,  1 9 6 5 .) R e s t l e s s  le g s  syndrome in c lu d in g  c re e p in g ,  c ra w lin g , 
p r i c k l i n g ,  i t c h i n g  s e n s a t io n s  d eep  w i th in  th e  lo w er lim b s  a r e  n o te d . 
B urn ing  f e e t ,  m u sc le  cram ps o f  th e  d i s t a l  lim b s  o c c u r  commonly. 
Im p a ired  v i b r a to r y  s e n s e  in  th e  lo w er l im b s  and th e  l o s s  o f  deep 
te n d o n  r e f l e x e s  and  a n g le  fo llo w e d  by knee j e r k  a r e  n o te d  as  th e  
u s u a l  f i r s t  s ig n s  o f  u rem ic  n e u ro p a th y . I t  i s  g e n e r a l ly  ag reed  
t h a t  th e  p re s e n c e  o f  e a r ly  symptoms o f  p e r ip h e r a l  n e u ro p a th y  i s  an 
i n d i c a t i o n  f o r  d i a l y s i s  a n d /o r  r e n a l  t r a n s p l a n t a t i o n , i n  o r d e r  t h a t  
f u r t h e r  p r o g re s s io n  and d i s a b i l i t y  may b e  p re v e n te d .  P a t i e n t s  
b e g in n in g  d i a l y s i s  w ith  m ild  n e u ro p a th y  o f te n  r e c o v e r  c o m p le te ly  , 
w h ile  p a t i e n t s  who b e g in  d i a l y s i s  w ith  s e v e re  n e u ro p a th y  r a r e l y  
r e c o v e r .  (R ask in  & F ishm an , 1 9 7 6 .)
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I  w i l l  now tu r n  t o  a  c o n s id e r a t io n  o f  " h e m o d ia ly s is "  and a l l i e d  
te rm s .  H em o d ia ly sis  i s  a  m e c h a n ic a l p ro c e d u re  u t i l i z i n g  an  a r t i f i c i a l  
membrane th ro u g h  w hich  to x ic  r e n a l  m e ta b o l i t e s  and e x c e ss  p lasm a 
w a te r  a r e  c le a r e d  from  th e  b lo o d . More t e c h n i c a l l y  "H em o d ia ly sis  
may be  c o n s id e re d  a s  a  d i f f u s io n - b a s e d ,  m em brane-m odulated  t r a n s f e r  
o f  m ass betw een  p lasm a w a te r  and d i a l y s i s  f l u i d . "  (H enderson , 1976, 
p .  1 6 4 4 .) 15 Mass s o lu t e s  t h a t  a r e  r e t a in e d  i n  th e  p a t i e n t  e x p e r ie n c ­
in g  end s ta g e  r e n a l  f a i l u r e  range  in  m o le c u la r  w e ig h t from one to  
g r e a t e r  th a n  f i v e  th o u sa n d  d a l to n s  (H enderson , 1976) . Most o f  th e  
m embranes u t i l i z e d  i n  h e m o d ia ly s is  a r e  im perm eable to  p a r t i c l e s  h a v in g  
a  m o le c u la r  w e ig h t o f  g r e a t e r  th a n  5000 d a l to n s  (G utch & S to n e r , 1 9 7 5 ). 
M o lec u le s  i n  th e  ran g e  o f  300 t o  5000 d a l to n s  ( th e  m id d le  m o lec u le s)  
a r e  s u sp e c te d  o f  b e in g  a  c a u se  o f  u rem ic  n e u ro p a th y , a  n e u r o lo g ic a l  
c o m p lic a t io n  (d is c u s s e d  p r e v io u s ly )  w hich  in  many c a s e s  may be  
c o n t r o l l e d  o r  a r r e s t e d  w ith  a d e q u a te  d i a l y s i s  (T en ck h o ff, S h i l i p e t a r  
S Boen, 1965; T e n c k h o ff , Boen & S p ie g le r ,  1965; J e b s e n ,  T en ck h o ff £ 
H o u lt, 1967) . M o lec u le s  o f  d i f f e r i n g  m o le c u la r  w e ig h ts  a r e  no£ 
s u b je c t  t o  th e  same d i a l y z e r  c l e a r a n c e .  V a rio u s  f a c t o r s  o p e ra te
i5 Many o f  th e  b a s ic  p r i n c i p l e s  o f  h e m o d ia ly s is  a r e  p r e s e n te d  
in  A ppendix  C. A d e s c r i p t i o n  o f  p o s i t i v e  and n e g a t iv e  e f f e c t s  
a s s o c ia t e d  w ith  h e m o d ia ly s is  a r e  p r e s e n te d  in  A ppendix D. ( D ia ly s is  
d e m e n tia  and d i a l y s i s  d i s e q u i l ib r iu m  a r e  d i s c u s s e d  in  th e  m ain t e x t )  .
A t e c h n i c a l  d e s c r i p t i o n  o f  t h e  h e m o d ia ly z e rs  em ployed in  t h i s  
d i s s e r t a t i o n  p r o j e c t  i s  in c lu d e d  in  A ppendix  E .
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t o  d e te rm in e  th e  d i a l y z e r  c le a r a n c e  fo r  m o le c u le s  o f  d i f f e r i n g  
m o le c u la r  w e ig h t s .16
T h ere  i s  much c o n tro v e rs y  o v e r  w hich  m o le c u le s  a r e  r e s p o n s ib le  
f o r  th e  u rem ic  syndrom e, p a r t i c u l a r l y  th e  p re s e n c e  o f  p e r ip h e r a l  
n e u ro p a th y . A b r i e f  summary o f  t h i s  c o n tro v e rs y  ( p o r t io n s  o f  w hich 
a r e  c i t e d  h e re )  i s  p r e s e n te d  in  F riedm an (1 9 7 8 ). T e n c k h o ff , 
S h i l i p e t a r  and Boen (1965) n o te d  t h a t  lo n g  te rm  p e r i t o n e a l  d i a l y s i s  
p a t i e n t s 17 w ere c l i n i c a l l y  w e ll  and f r e e  from  p e r ip h e r a l  m otor
16"F or sm a ll m o le c u la r  w e ig h t s o lu t e s  (m o lec u la r  
w e ig h t l e s s  th a n  300 d a l to n s )  c le a r a n c e  by a 
h e m o d ia ly z e r  i s  g r e a t l y  m o d if ie d  b y  r e l a t i v e l y  
sm a ll ch an g es in  th e  r a t e  o f  b lo o d  f lo w , o r  
d i a l y s a t e  f lo w . C le a ra n c e  o f  l a r g e  m o le c u le s  
such  a s  i n u l i n  (m o le c u la r  w e ig h t 5200 d a l to n s )  
i s  u n a f f e c te d  by a l t e r a t i o n s  i n  b lo o d  o r  
d i a l y s a t e  f lo w  r a t e s  and depends m a in ly  on 
membrane p e r m e a b i l i ty  and s u r f a c e  a r e a .  I n t e r ­
m ed ia te  w e ig h t s o l u t e s ,  so  c a l l e d  m id d le  m o le c u le s  
(m o le c u la r  w e ig h t 300 -  5000 d a l to n s )  a r e  d ia ly z e d  
a c c o rd in g  t o  membrane s u r f a c e  a r e a  and d u r a t io n  o f  
d i a l y s i s . "  (F riedm an, 1978, p .  4 8 .)
N olph (1977) n o te d  t h a t  some m id d le  m o le c u le s  a r e  sm a ll enough to  b e
a f f e c t e d  by b lo o d  flo w  and d i a l y s a t e  flow  r a t e s .  In  a d d i t i o n  to
f a c t o r s  m en tioned  by F riedm an  (1978) ab o v e , N olph n o te d  t h a t  m id d le
m o le c u le  c le a r a n c e s  a r e  a l s o  a f f e c t e d  by membrane p e r m e a b i l i ty ,
u l t r a f i l t r a t i o n ,  b lo o d  c h a n n e l w id th ,  p r o t e i n  b in d in g ,  and  r a t e  o f
e q u i l i b r a t i o n  betw een  body and f l u i d  sp a c e s .
17A m ethod o f  d i a l y s i s  u t i l i z i n g  th e  p a t i e n t s  own p e rito n e u m  as 
th e  exchange membrane th ro u g h  w hich  to x i c  r e n a l  m e ta b o l i t e s  d i f f u s e  
i n t o  a  b a th  o f  i n s t i l l e d  d i a l y s a t e  f l u i d  w hich i s  th e n  d ra in e d  from  
th e  abdom inal c a v i t y .
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n e u ro p a th y  i n  s p i t e  o f  h ig h  b lo o d  l e v e l s  o f  sm a ll m o le c u la r  w e ig h t 
s o lu te s  in c lu d in g  u r i c  a c id ,  u re a  and c r e a t i n i n e .  Bab e t  a l . (1973) 
n o te d  t h a t  th e  p e r i t o n e a l  membrane was found  t o  b e  m ore p erm eab le  to  
V itam in  B12 and i n u l i n  (5200 d a l t o n s ) . They su g g e s te d  t h a t  p a t i e n t s  
b e in g  d ia ly z e d  p e r i t o n e a l l y  may be r e c e iv in g  an  o p tim a l ty p e  o f  
m o lec u le  rem oval i . e . ,  a p p r o p r ia te  rem oval o f  m id d le  m o le c u le s  w i th ­
o u t e x c e s s iv e  rem oval o f  s m a l le r  m o le c u le s . They co n c lu d ed  t h a t  
d u r in g  p e r i t o n e a l  d i a l y s i s  lo w er m o le c u la r  w e ig h t s o lu t e s  a r e  removed 
a t  much lo w er r a t e s  th a n  in  s ta n d a rd  h e m o d ia ly s is  and h ig h e r  m o le c u la r  
w e ig h t s o lu t e s  a r e  rem oved a t  s i g n i f i c a n t l y  h ig h e r  r a t e s ,  r e l a t i v e  t o  
u r e a ,  th a n  in  h e m o d ia ly s is .  (Longer p e r i to n e a l  d i a l y s i s  t im e s  a r e  
u t i l i z e d  to  re d u ce  th e  c o n c e n t r a t io n s  o f  low er m o le c u la r  w e ig h t 
s o lu t e s  t o  a c c e p ta b le  l e v e l s ,  r a t h e r  th a n  th o s e  o f  h ig h e r  m o le c u la r  
w e ig h ts .)  D e s p ite  th e  f a c t  t h a t  sm a ll m o le c u le  p e r i t o n e a l  c le a r a n c e s  
a r e  one q u a r t e r  t o  one s i x t h  o f  th o s e  in  h e m o d ia ly s is ,  p e r i to n e a l  
p a t i e n t s  m a in ta in  t h e i r  w e l l  b e in g . The a b sen ce  o f  n e u ro p a th y  and 
o th e r  e v id e n c e  o f  t o x i c i t y  in  p e r i t o n e a l  p a t i e n t s  may b e  a t t r i b u t a b l e  
t o  th e  g r e a t e r  rem oval o f  m id d le  m o le c u le s .
O reopou lous e t  a l .  (1975) r e p o r te d  p r o g r e s s io n  o f  u rem ic  n e u ro ­
p a th y  w ith  p e r i t o n e a l  d i a l y s i s  th e re b y  q u e s t io n in g  th e  c o n t r ib u t io n  
o f  m id d le  m o le c u le s  t o  th e  u rem ic  syndrom e. O th e r  s tu d i e s  (M aiorca 
e t  a l . ,  1974; K j e l l s t r a n d  e t  a l . ,  1973; H u rs t e t  a l . ,  1975) have 
f a i l e d  t o  show t h a t  th e  im p airm en t o f  th e  p a t i e n t b  o v e r a l l  p h y s ic a l  
c o n d i t io n ,  a c c e l e r a t i o n  o f  p e r i p h e r a l  m o to r n e u ro p a th y  o r  i n h i b i t i o n  
o f  lym phocyte f u n c t io n  was due t o  a  t o x i c  b u i ld u p  o f m id d le  m o le c u le s .
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F reidm an (1978)f in  a t te m p tin g  t o  p la c e  th e  q u e s t io n  o f  m id d le
m o le c u le s  i n  p e r s p e c t iv e  s t a t e d :
No c o n c lu s io n s  a re  w a r ra n te d  a s  t o  th e  e x te n t  
t o  w hich a c c u m u la tio n s  o f  m idd le  m o lecu le s  
a r e  r e s p o n s ib le  f o r  th e  u rem ic  syndrom e.
W hile i t  i s  c l e a r  t h a t  s o lu t e s  in  th e  m idd le  
m o le c u la r  w e ig h t ra n g e  a r e  d e t e c ta b le  i n  th e  
serum  o f  u rem ic  p a t i e n t s  and n o t  in  norm al 
c o n t r o ls  th e  c a s e  fo r  t h e i r  c l i n i c a l  im p o rtan ce  
m ust be  ju d g ed  a s  u n p ro v e d ."  (p . 4 9 .)
W hile d i a l y s i s  may im prove o r  r e v e r s e  e a r l y  n e u r o lo g ic a l  m an i- 
f e s t a t i o n s f  such  r e v e r s a l  i s  o f te n  in co m p le te  in  end s ta g e  r e n a l  
d i s e a s e  p a t i e n t s  (E a r le y , 1 9 6 8 ). In  f a c t ,  h e m o d ia ly s is  i t s e l f  may 
p r e c i p i t a t e  v a r io u s  n e u r o lo g ic a l  c o m p lic a t io n s  w hich  w i l l  be b r i e f l y  
c o n s id e re d  h e r e .  The d i a l y s i s  d i s e q u i l ib r iu m  syndrom e i s  now w id e ly  
view ed a s  a  p o s s ib le  c o m p lic a t io n  o f  h e m o d ia ly s is .  Symptoms may 
b e g in  o r  p e r s i s t  d u r in g  h e m o d ia ly s is  and may c o n tin u e  f o r  tw en ty  
f o u r  h o u rs  o r  m o re . C l i n i c a l  symptoms may in c lu d e  h e a d a c h e , con ­
f u s io n ,  l a s s i s i t u d e ,  d ro w s in e s s  o r  coma. I n c r e a s e s  in  b lo o d  p r e s ­
s u r e ,  h e a r t  r a t e  and  r e s p i r a t i o n  a r e  n o ted  (E a r le y ,  1968) . O th e r 
symptoms may in c lu d e  e x o p th a lm o s18, in c r e a s e d  i n t r a o c u la r  p r e s s u r e ,  
p a p i l le d e m a 19, and g e n e r a l iz e d  s lo w in g  o f  th e  EEG (d e c re a se  in  
a lp h a  a c t i v i t y  and in c r e a s e  in  t h e t a  and d e l t a  w aves) (R ask in  & 
F ishm an, 1 9 7 6 ).
18P r o tr u s io n  o f  one o r  b o th  e y e b a l l s  (Berkow, 1 9 7 7 ).
19S w e llin g  o f  th e  o p t i c  n e rv e  head  due t o  in c r e a s e d  i n t r a c r a n i a l  
p r e s s u r e  (Berkow, 1977) .
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The symptoms o f  d i a l y s i s  d is e q u i l ib r iu m  syndrome a r e  a t t r i b u t e d  
to  th e  slow  r a t e  a t  w hich u re a  d i f f u s e s  from  th e  t i s s u e  o f  th e  c e n t r a l  
nerv o u s system  a s  com pared to  th e  more r a p id  rem oval o f  u re a  from th e  
b lo o d . The h ig h e r  c o n c e n t r a t io n  o f  u re a  in  th e  t i s s u e  o f  th e  nerv o u s 
system  s e t s  up an  o sm o tic  g r a d ie n t  w here an  inw ard  movement o f  H^O 
o c cu rs , le a d in g  t o  s w e ll in g  and in c re a s e d  p r e s s u re  in  t h e  b r a in .
(A r ie f f  e t  a l . ,  1973; E a r le y ,  1968; Kennedy e t  a l . ,  1962; T y le r ,  1965; 
Wakim, 1 9 6 9 .) T h is  may be a v o id e d  by a  slow  r e d u c t io n  o f  b lo o d  u re a  
th ro u g h  a  s lo w er d i a l y s i s  o r  by ad d in g  u re a  t o  th e  d i a l y s i s  b a th  
(A r ie f f  e t  a l . ,  1973; P e te r s o n  £ Swanson, 1 9 6 4 ). As th e  c o n te n t  o f  
u re a  in  th e  c e n t r a l  nerv o u s system  d e c re a s e s  so  do th e  symptoms c i t e d .  
A p e r io d  o f  tw en ty  fo u r  h o u rs  may b e  r e q u i r e d  f o r  e q u i l i b r a t i o n  o f  
u r e a  in  th e  b lo o d  p lasm a and c e r e b ro s p in a l  f l u i d .  (E a r ly , 1978 .) A 
d is tu r b a n c e  in  th e  e q u i l i b r a t i o n  o f  u r i c  a c id ,  c r e a t i n i n e ,  in o rg a n ic  
phosp h o ru s and b ic a rb o n a te ,b e tw e e n  th e  b lo o d  and  c e r e b ro s p in a l  f l u i d /  
i s  a l s o  c r e a te d  by h e m o d ia ly s is  (Rosen, O 'Connor £ S h e ld o n , 1 9 6 4 ). A 
m ild  in c r e a s e  o f  b lo o d  ca lc iu m  may cau se  m e n ta l c o n fu s io n  i n  u rem ic 
p a t i e n t s  t r e a t e d  w ith  a d e q u a te  d i a l y s i s .  A p a ra th y ro id e c to m y  may be 
r e q u i r e d  to  c o n t r o l  c a lc iu m  l e v e l s .  (Coburn e t  a l . ,  1969 .)
A c o n d i t io n  much r a r e r  th a n  d i a l y s i s  d is e q u i l ib r iu m  may o ccu r 
in  end s ta g e  r e n a l  p a t i e n t s  m a in ta in e d  on  c h ro n ic  d i a l y s i s  f o r  
p e r io d s  o f  more th a n  one y e a r  (A lfre y  e t  a l . ,  1972; M ahurkar e t  a l . ,  
1 9 7 3 ). M ahurkar e t  a l . ,  n o te d  d i a l y s i s  d em en tia  a s  a  b i z a r r e  
n e u r o lo g ic a l  syndrome c h a r a c t e r i z e d  by p r o g re s s iv e  d em en tia  (d e s ­
c r ib e d  by A lf re y  e t  a l . ,  (1972) a s  im p a ired  c o n c e n t r a t io n ,  d e c re a se d
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memory, p e r s o n a l i t y  c h a n g e s , p s y c h o s is  w ith  d e p r e s s io n ,  p a ra n o ia  
and h a l lu c in a t io n s )  d is tu r b a n c e s  in  sp eech , d y s p ra x ia ,  b i z a r r e  
in v o lu n ta r y  m ovem ents, f a c i a l  g r im a c in g , m u l t i f o c a l  s e i z u r e s ,  
m y o clo n u s, and  c h a r a c t e r i s t i c  e le c tro e n c e p h a lo g ra p h ic  ch an g es .
Speech  and lan g u ag e  d is tu r b a n c e s  a re  in c lu d e d  a s  among th e  e a r l i e s t  
m a n i f e s ta t io n s  o f  t h i s  syndrom e, in c lu d in g  e p is o d e s  o f  s t u t t e r i n g ,  
i n a b i l i t y  t o  a r t i c u l a t e  w o rd s, i n a b i l i t y  to  re c o g n iz e  o b je c t s  o r  
obey conm ands, and p e r s e v e r a t io n  (A lfre y  e t  a l . ,  1972; M akurkar e t  
a l . ,  1973; Rosenbeck e t  a l . ,  1 9 7 5 ). P ro s o d ic , p h o n a to ry , and 
a r t i c u l a t o r y  d i s tu r b a n c e s  a s  w e l l  a s  lan g u ag e  d e f i c i t s  o c c u r  in  m ost 
p a t i e n t s  (M adison e t  a l . ,  1 9 7 7 ). Mutism f r e q u e n t ly  o c c u rs  in  th e  
f i n a l  s ta g e s  o f  d e m e n tia . A t o t a l  i n a b i l i t y  t o  sp eak  h a s  been  seen  
in  th e  l a t e r  s ta g e s  o f  d i a l y s i s  d em en tia  (M ahurkar e t  a l . ,  1973; 
R osenbeck e t  a l . ,  1 9 7 5 ). M utism  in  a f f e c te d  p a t i e n t s  may be d i f f e r e n t  
from  t h a t  seen  in  t y p i c a l  d em en tia  i n  t h a t  m utism  m&y b e  i n t e r m i t t e n t  
w ith  p e r io d s  o f  f lu e n c y  n o te d  in  th e  t e r m in a l  s ta g e s  o f  th e  d is e a s e  
(M adison e t  a l . ,  1 9 7 7 ).
The c au se  o f  d i a l y s i s  d e m en tia  h as  rem ain ed  unknown. I t  i s  
su g g e s te d  t h a t  n e i t h e r  u rem ia  o r  d i s e q u i l ib r iu m  a r e  im p l ic a te d  s in c e  
a f f e c t e d  p a t i e n t s  have b een  re g a rd e d  a s  r e c e iv in g  a d e q u a te  t r e a tm e n t  
by  d i a l y s i s .  No abnorm al ch an g es  have b een  found a t  n e c ro p sy  d e s p i t e  
p ro fo u n d  d e m e n tia . P s y c h o lo g ic a l  t e s t i n g  on two c a s e s  r e v e a le d  
v a ry in g  s ig n s  o f  o r g a n i c i ty  in c lu d in g  p o o r  v i s u a l - p e r c e p t u a l  s k i l l s ,  
p e r c e p tu a l -m o to r  d e t e r i o r a t i o n ,  p e r s e v e r a t io n ,  c o n c r e te n e s s ,  and g ro s s  
d y s fu n c t io n  on v e r b a l  and p e rfo rm a n ce  m e a su re s . (M adison e t  a l . ,  1 9 7 7 .)
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S c h re in e r  and Z ie s a t  (1976) n o te d  t h a t  on p s y c h o lo g ic a l  t e s t  p e rfo rm ­
a n c e / in  a c a s e  o f  c e r e b r a l  d y s p ra x ia  a s s o c ia te d  w ith  h e m o d ia ly s is , th e  
Bender G e s t a l t  was r e p l e t e  w ith  o rg a n ic  s ig n s  and th e  R o t te r  Incom­
p l e t e  S e n te n c e s  B lank showed p o o r l i n e  c o n t r o l  i n  fo rm a tio n  o f  l e t t e r s ,  
d i s o r g a n iz e d  g ram m atica l s t r u c t u r e  and p e r s e v e r a t io n ,  s u g g e s t iv e  o f  
b r a in  p a th o lo g y .
M adison e t  a l . ,  (1977V co n c lu d ed  on th e  b a s i s  o f  t h e i r  i n v e s t i ­
g a t io n  o f  two p a t i e n t s  d ia g n o se d  as  h av in g  d i a l y s i s  dem entia , t h a t  th e  
n e u r o lo g ic a l  syndrome fo u n d  in  d ia ly z e d  p a t i e n t s  i s ,  in  f a c t ,  a d e m e n tia . 
The g lo b a l  n a tu r e  o f  c o g n i t iv e  and com m unicative d y s fu n c t io n s  su g g e s te d  
an e t io lo g y  o f  d i f f u s e  and m u l t i f o c a l  b r a in  damage a s  opposed to  a 
f o c a l  l e s i o n .  R ask in  and F ishm an (1976) n o ted  t h a t  th e  EEG in  t h i s  
c o n d i t io n  i s  abnorm al w ith  d i f f u s e  m u l t i f o c a l  slow  d e l t a  waves i n t e r ­
ru p te d  by b i l a t e r a l l y  sy n ch ro n o u s h ig h  v o l ta g e  com plex c o n s is t in g  o f  
slow , s h a rp  t r i p h a s i c  and s p ik e  w av es . C e re b ro s p in a l  f l u i d  i s  n o ted  a s  
u n re m a rk a b le . R enal t r a n s p l a n t a t i o n  h a s  b een  p e rfo rm ed  w ith  no b e n e f i t .
F i n a l l y ,  G lic k ,  G o ld f ie ld  and  K ovat (1973) n o te d  a  p s y c h o s is  
a s s o c ia te d  w ith  a  m e ta b o lic  a b n o rm a lity  s e c o n d a ry  t o  h e m o d ia ly s is .  
A lth o u g h  no m e ta b o lic  a b n o rm a lity  was e v id e n t  th e  p re s e n c e  o f  c o n fu s io n , 
d i s o r i e n t a t i o n ,  memory l o s s ,  and an abnorm al EEG was s u g g e s t iv e  o f  
c e r e b r a l  p a th o lo g y .
C o g n it iv e  and S en so ry -M o to r F u n c tio n in g  A s s o c ia te d  W ith Uremia and 
H em o d ia ly sis
S harp  and Murphy (1964) w ere  a b le  t o  p ro d u c e  a  u rem ic  s t a t e  in
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sev en  monkeys th ro u g h  b i l a t e r a l  n ep h rec to m y ,20 u r e t r a l  l i g a t i o n ,  o r  
by u r in e  r e in f u s io n .  The p r im a te s  w ere p r e v io u s ly  t r a in e d  to  av o id  
shock  by  p r e s s in g  a l e v e r  o r  s ig n a l .  A f te r  s u rg e ry  p r im a te s  b e h a v io ra l  
re sp o n d in g  was conpared  t o  b lo o d  l e v e l s  o f  u r e a ,  n i t r o g e n ,  sodium  and 
p o ta s s iu m ,a l l  o f  w hich ro s e  l i n e a r l y  as long  a s  th e  an im als  su rv iv e d . 
B ehav iour p o s t - s u r g i c a l l y  was com pared t o  s t a b l e  p r e - s u r g i c a l  p e rfo rm ­
a n c e . I t  was found t h a t  r e l i a b l e  d ecrem en ts  in  p erfo rm an ce  o c c u rre d  
a f t e r  80 h o u rs  p o s t - s u r g e r y .  No an im al su rv iv e d  more th a n  121 h o u rs .  
T esch an , Murphy and S harp  (1964) p roduced  s im i la r  r e s u l t s  u t i l i z i n g  
th e  method o f  c o n tin u o u s  u r in e  r e in f u s io n .  B e h a v io ra l decrem en ts  
o c c u rre d  when BUN l e v e l s  reach ed  95 mg/100 ml and w ere co m p le te ly  
r e v e r s e d  when th e  p ro c e d u re  o f  co n tin u o u s  u r in e  r e in f u s io n  was d is c o n ­
t in u e d .  On a n o te  o f  commentary b e h a v io ra l  d ec rem en ts  w ould n a t u r a l ly  
be ex p ec ted  t o  o ccu r p o s t - s u r g i c a l l y  from th e  traum a o f  th e  s u r g ic a l  
p ro c e d u re .  T h is  m ust be c o n s id e re d  when p o s t - s u r g i c a l  p erfo rm ance  i s  
com pared to  s ta b l e  p r e - s u r g i c a l  p e rfo rm an ce .
Fishm an and R ask in  (1967), in  an an im al e x p e r im e n ta l p rocedure , 
i n j e c t e d  i s o t o p i c a l l y  t r a c e a b le  i n u l i n  l l |C, s u c ro se  .ll4C, sodium  s u l f a t e  
35S, sodium c h lo r id e  21+Na and p o ta ss iu m  42K i n  r a t s  b i l a t e r a l l y  
n ep h rec to m ized  f o r  46 h o u rs .  H is to lo g ic a l  and ch em ica l changes in  
b r a in  and o th e r  t i s s u e  w ere s tu d i e d .  The m ost s i g n i f i c a n t  f in d in g  was 
t h a t  th e r e  was a d i s r u p t io n  i n  sodium  p o ta ss iu m  t r a n s f e r  in  th e  b r a in s
20S u rg ic a l  rem oval o f  b o th  k id n e y s .
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o f  th e s e  u rem ic  a n im a ls . The e n t r y  o f  K+ i n t o  u rem ic  b r a in  g r e a t l y
in c re a s e d  w h ile  Na+ r a t e  o f  e n t r y  s lo w ed . A lte r e d  b e h a v io r a l
s t a t e s  in c lu d in g  tre m o rs ,  w eak n ess, s tu p o r ,  o c c a s io n a l  s e iz u r e s  and
urem ic  e n c e p h a lo p a th y  w ere su g g e s te d  a s  a r i s i n g  from  a l t e r e d  membrane
f u n c t io n in g  p ro d u c in g  d is tu r b a n c e s  i n  sodium  p o ta ss iu m  ex ch an g e . As
Fishm an and R ask in  (1967) s t a t e d :
"Uremic e n c e p h a lo p a th y  i s  c h a r a c te r iz e d  by 
a  n o n - s p e c i f ic  in c r e a s e  in  b r a in  perm ea­
b i l i t y ,  a  m a n i f e s ta t io n  o f  d is o r d e r e d  mem­
b ran e  f u n c t io n .  I t  i s  su g g e s te d  t h a t  t h i s  
w ould e n a b le  g r e a t e r  a c c u m u la tio n  in  b r a in  
o f  th e  d ia ly z a b le  to x ic  compounds t h a t  
accu m u la te  in  u re m ia , th u s  e s t a b l i s h i n g  a  
v ic io u s  c i r c l e  w hich  c o u ld  f u r t h e r  d e ra n g e  
b r a in  m e ta b o lism . The ch an g es  in  sodium 
and p o ta s s iu m  c o n c e n tr a t io n  and  f lu x  in  
b r a in  and  m uscle  s u g g e s t  a l t e r e d  f u n c t io n  
o f  t h e  sodium  p o ta ss iu m  io n  pump a s s o c ia te d  
w ith  c e l l  m em branes." (p . 2 0 .)
M cD aniel (1 9 7 1 ), in  commenting on th e  above s tu d y , n o te d  th e  l o s s  o f
i n t r a c e l l u l a r  K+ from  m ost body t i s s u e  in  u re m ia , w hich in c r e a s e s  th e
p lasm a c o n c e n t r a t io n .  P o ta ss iu m  c o n c e n t r a t io n  in  b r a i n  t i s s u e  i s
tw en ty  t im e s  t h a t  o f  p la sm a . In  u rem ic  s t a t e s  th e  e n t r y  o f  K+ in to
b r a in  t i s s u e  i s  g r e a t l y  in c r e a s e d .  Thus a  r e l a t i v e l y  sm a ll in c r e a s e
o f  p lasm a K+ c o n c e n t r a t io n  w ould r e s u l t  in  a  g r e a t  in c r e a s e  in  th e
e n t r y  o f  K+ in to  b r a in  t i s s u e ,  p o s s ib ly  a f f e c t i n g  CNS f u n c t io n in g .
To t e s t  th e  above h y p o th e s is  M cD aniel (1971) a d m in is te re d  a  
v i s u a l  d i s c r im in a t io n  le a r n in g  t a s k 21 to  s e v e n te e n  p a t i e n t s  (b e in g
2 1 " . . . S ' s  w ere i n s t r u c t e d  i n  th e  t a s k ,  a  m atch  to  sam ple p ro b lem  
in  w hich  th e y  m ust m atch  a  .5 s e c .  s t im u lu s  from  a m u l t ip le  c h o ic e  
a r r a y  o f  l i k e  s t i m u l i  on th e  b a s i s  o f  c o l o r ,  form , o r  number o f  
d e s ig n s ."  (p . 7 0 6 .)
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m a in ta in e d  on i n t e r m i t t e n t  h e m o d ia ly s is )  th e  a f te rn o o n  im m ed ia te ly  
fo llo w in g  a  m orning d i a l y s i s .  (T h is  i s  a  q u e s t io n a b le  tim e  p e r io d  
d u r in g  w hich to  a d m in is te r  p s y c h o lo g ic a l  t e s t i n g  s in c e  p a t i e n t s  may 
have b een  scmewhat d i s e q u i l i b r a t e d  so  soon a f t e r  d i a l y s i s ,  th e re b y  
p o s s ib ly  n e g a t iv e ly  a f f e c t i n g  t e s t  p e rfo rm a n c e .)  P a t i e n t s  w ere th e n  
r e t e s t e d  p re c e d in g  d i a l y s i s  w ith in  one week o f  i n i t i a l  t e s t i n g .  
P a t i e n t s  w ere compared to  a  c o n t r o l  g roup  o f  p h y s ic a l ly  h e a l th y  
v o lu n te e r s .  Mean e r r o r s  d u r in g  i n i t i a l  p roblem  s o lv in g  s ta g e s  were 
g r e a t e r  a t  e v e ry  p o in t  f o r  th e  g ro u p  m a in ta in e d  on d i a l y s i s .  In  th e  
second  h a l f  o f  th e  i n i t i a l  t e s t i n g ,  a  r e p e a t  o f  th e  f i r s t  h a l f ,  e r r o r  
r a t e s  f o r  th e  d i a l y s i s  g ro u p  and c o n t r o l  g roup  ten d ed  t o  d e c re a se  and 
become s im i l a r .  As r e g a rd s  s o lu t io n  tim e s  f o r  each  problem  th e  r e n a l  
g roup  was s i g n i f i c a n t l y  i n f e r i o r  t o  c o n t r o ls  o n ly  d u r in g  th e  e a r ly  
s ta g e s  and was somewhat q u ic k e r  th a n  c o n t r o ls  d u r in g  th e  l a t e r  
s ta g e s .  T h is  r e s u l t  and th e  f a c t  t h a t  d i a l y s i s  p a t i e n t s  had much 
f a s t e r  re sp o n d in g  tim e s  in  e x e c u tin g  te n  c o n s e c u t iv e  c o r r e c t  c h o ic e s  
a t  each  s ta g e  o f  th e  m atch to  sam ple p roblenv prom pted  M cDaniel to  
s u g g e s t " . . . t h a t  th e  c o g n i t iv e  d y s fu n c tio n  accom panying r e n a l  f a i l u r e  
i s  p r im a r i ly  an i n t e r f e r e n c e  w ith  in fo rm a tio n  p ro c e s s in g  c a p a c i t i e s  
r a t h e r  th a n  v is u a l -m o to r  i n t e g r a t i o n . "  (p . 7 0 7 ) .
R e te s t in g  o f  p a t i e n t s  p re c e d in g  d i a l y s i s  (w ith in  one week a f t e r  
t h e i r  i n i t i a l  d i a l y s i s )  r e s u l t e d  in  e r r o r  r a t e s  s t i l l  b e in g  h ig h e r  
th a n  c o n t r o l s .  S o lu t io n  s e a rc h  tim e s  and s o lu t io n  e x e c u te  tim es  were 
n e a r  norm al o r  b e lo w . I d e n t i c a l  t e s t i n g  p ro c e d u re s  c a r r i e d  o u t  on a 
group  o f  te n  r e n a l  t r a n s p l a n t  p a t i e n t s  t e s t e d  w i th in  s i x t y  days p o s t -
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s u rg e ry  r e s u l t e d  in  no c a s e s  w here p a t i e n t  perfo rm an ce  was s i g n i f ­
i c a n t l y  i n f e r i o r  to  c o n t r o l s .  T h is  i s  n o t  s u r p r i s in g  a s  one would 
e x p e c t th e  b io c h e m is try  o f  t r a n s p l a n t  p a t i e n t s  t o  more n e a r ly  
ap p ro x im ate  t h a t  o f  th e  c o n t r o ls  th a n  would be th e  c a se  w ith  d i a l y s i s  
p a t i e n t s .
R o u tin e  b lood  c h e m is t r ie s  w ere u n d e r ta k e n  f o r  d i a l y s i s  p a t i e n t s  
from  th e  m orning p r i o r  t o  i n i t i a l  t e s t i n g  and from  th e  m orning fo llo w ­
in g  t h e i r  su b se q u e n t r e t e s t i n g .  ( I t  i s  d i f f i c u l t  t o  u n d e rs ta n d  why 
b lo o d  sam ples were n o t  ta k e n  c lo s e r  t o  th e  tim e s  o f  a c tu a l  t e s t i n g  in  
o r d e r  t h a t  th e  b lo o d  v a lu e s  w ould more a c c u r a te ly  r e f l e c t  th e  c o n d it io n  
o f  th e  p a t i e n t  a t  th e  tim e  o f  t e s t i n g . )  " C o r r e la t io n  c o e f f i c i e n t s  
(K en d a lls  W) were c a lc u la t e d  f o r  two b e h a v io ra l  in d e x e s  -  t o t a l  number 
o f  i n c o r r e c t  c h o ic e s  and mean s o lu t io n  s e a rc h  tim e s  -  w ith  p lasm a con­
c e n t r a t io n s  o f  BUN, C r e a t in in e ,  sodium , p o ta s s iu m , c h lo r id e ,  and carb o n  
d io x id e ."  (p . 7 0 9 .)  C r e a t in in e  and p lasm a K+ c o n c e n tr a t io n s  w ere 
s i g n i f i c a n t  (p < .01) a t  both , i n i t i a l  and r e t e s t i n g  a s  r e g a rd s  t h e i r  
c o r r e l a t i o n  w ith  p e rfo rm an ce  d a t a .  P re  and p o s t - t e s t  power s p e c t r a l  
d e n s i ty  a n a ly s e s  w ere com puted from  r e s t i n g  e le c tro e n c e p h a lo g ra m s  o f 
d i a l y s i s  p a t i e n t s .  T here  was a h ig h ly  c o n s i s t e n t  s h i f t  tow ard  low er 
f r e q u e n c ie s .  M cDaniel n o te d  t h a t  h i s  f in d in g s  in d i c a t e  an u n d e r ly in g  
r e l a t i o n s h i p  betw een e le v a te d  p lasm a K+, a r e l a t i v e  s h i f t  t o  low er 
e le c tro e n c e p h a lo g ra m  a c t i v i t y ,  and d i f f i c u l t y  in  in fo rm a tio n  p ro c e s s in g  
on le a r n in g  t a s k s  i n  r e n a l  s u b je c t s .  T h e ir  f in d in g s  le n d  s u p p o rt to  
th o s e  o f  Fishm an and R ask in  (1967) ( p re v io u s ly  c i t e d )  in  w hich th e y  
r e p o r te d  a  g r e a t  in c r e a s e  o f  K+ in  u rem ic  b r a in  and slow ed r a t e  o f
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e n t r y  o f  sodium in  b i l a t e r a l l y  n ep h rec to m ized  r a t s  in  w hich a l t e r e d  
b e h a v io ra l  s t a t e s  w ere n o te d . Fishm an and R ask in  (1967) and McDaniel 
(1971) su g g e s te d  t h a t  d is o rd e re d  membrane fu n c t io n in g  may p la y  a  p a r t  
in  c o g n i t iv e  and b e h a v io ra l  d y s fu n c tio n .
S e v e ra l  a u th o r s  ( B la t t  £ T sushim a, 1966; Sand, L iv in g s to n  £ 
W rig h t, 1966; Abram s, 1969; T reishm an £ Sand, 1971; and G reenberg , 
D avis £ M assey, 1973) a s s e s s e d  end s ta g e  r e n a l  d i s e a s e  p a t i e n t s ,  
a p p a re n t ly  u n t r e a te d  by d i a l y s i s ,  f o r  c o g n i t iv e  f u n c t io n in g .  In  a l l  
th e  above s tu d ie s  th e  W echsler A d u lt I n t e l l i g e n c e  S c a le  (WAIS) was 
u t i l i z e d  a s  th e  p rim a ry  p sy ch o m e tric  in s tru m e n t.  The B e n d e r-G e s ta lt  
and G raham -K endall ( t e s t s  r e q u i r in g  th e  re p ro d u c t io n  o f  g eo m e tr ic  
d e s ig n s )  w ere a l s o  employed in  s e v e r a l  o f  th e s e  s tu d i e s .  W ith th e  
e x c e p tio n  o f  Sand, L iv in g s to n  and W righ t (1966) a l l  th e  above s tu d ie s  
found a  p a t t e r n  o f  d e f i c i t s  s u g g e s tiv e  o f  c o r t i c a l  d y s f u n c t io n . 
T y p ic a l  d e f i c i t s  in c lu d e d  th o s e  o f  v is u a l-m o to r  c o o rd in a t io n ,  a b i l i t y  
to  l e a r n  new m a t e r i a l ,  a b s t r a c t i n g  a b i l i t y ,  and a t t e n t i o n  and con­
c e n t r a t i o n  s k i l l s .  B l a t t  and  Tsushim a found t h a t  t h e  c o r r e l a t i o n  
betw een BUN le v e l s  and i n t e l l e c t u a l  f u n c t io n in g  was n o t  s i g n i f i c a n t  
(Spearman c o r r e l a t i o n s  o f  BUN w ith  f u l l  s c a le  IQ ** .21 w ith  p e rfo rm ­
ance I .Q . = .19 and w ith  v e r b a l  IQ « .04) . T reishm an  and Sand found 
th e  av e rag e  s c o re  o f  r e n a l  p a t i e n t s  on th e  WAIS to  be  below  th e  norm 
fo r  a l l  perfo rm an ce  s u b te s t s  and f o r  a r i th m e t ic  and d i g i t  sp a n . 
D if f e r e n c e s  betw een p erfo rm an ce  and v e rb a l  I .Q . was s i g n i f i c a n t  
(p < .0 5 ) .  M u lt ip le  r e g r e s s io n  a n a ly s is  r e v e a le d  t h a t  WAIS s c o re s  
o f  women w ere more l i k e l y  t o  be in f lu e n c e d  by advanced  r e n a l  d is e a s e
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th a n  men. R eg re ss io n  c o e f f i c i e n t s  f o r  c r e a t i n i n e  were s ig n i f i c a n t  
(p < .0 5 ) f o r  women on a r i th m e t i c ,  s i m i l a r i t i e s ,  d i g i t  span and f u l l  
s c a le  I . Q . . Thus c r e a t i n i n e  l e v e l s  were s i g n i f i c a n t l y  a s s o c ia te d  
w ith  a  low er WAIS s c o re .
The s tu d y  o f  Sand, L iv in g s to n  and W righ t (1966) y ie ld e d  r e s u l t s  
w hich w ere s i g n i f i c a n t l y  d is c r e p a n t  from  th e  s tu d ie s  c i t e d  above.
The p a t i e n t  p o p u la t io n  o f  Sand, L iv in g s to n  and W rig h t had a  ran g e  in  
f u l l  s c a le  I .Q . o f  94 -  143 w ith  a mean I .Q . o f  115, w e ll  above th e  
norm f o r  i n t e l l i g e n c e .  No c o g n i t iv e  d e f i c i t s  w ere found in  th e  
p a t i e n t s  t e s t e d .  G reen b erg , D avis and M assey (1973) n o te d  t h a t  th e  
la r g e  I .Q . d i f f e r e n c e  betw een  t h e i r  sam ple and  t h a t  o f  Sand, 
L iv in g s to n  and W righ t sh o u ld  c a u t io n  a g a in s t  g e n e r a l i z in g  r e s u l t s  
from  one s tu d y  t o  a n o th e r  (a s  d i f f e r e n t  c e n te r s  may n o t  be e q u iv a le n t  
on many d im e n s io n s ) . The sam ple o f Sand, L iv in g s to n  and W righ t may 
have been  a n o n - r e p r e s e n ta t iv e  sam ple o f  u rem ic p a t i e n t s  a t  l a r g e .
A ll  o th e r  s tu d ie s  c i t e d  th u s  f a r ,  i n  a d d i t io n  t o  th o s e  s tu d ie s  y e t  
to  be  c i t e d ,h a v e  f in d in g s  w hich a re  c o n tr a ry  to  th o s e  o f  Sand, 
L iv in g s to n  and W rig h t. (A c r i t i c i s m  to  be o f f e r e d  o f  many o f  th e  
above s tu d ie s  i s  t h e i r  f a i l u r e  t o  c l e a r l y  s t a t e  w h e th e r o r  n o t t h e i r  
p a t i e n t s  w ere u n t r e a te d  by d i a l y s i s .  S ta te m e n ts  l i k e  "be ing  e v a l ­
u a te d  f o r  a d i a l y s i s  program " a r e  u n c le a r .  Few s tu d i e s  o f f e r  demo­
g ra p h ic  d a ta  w hich more c l e a r l y  d e f in e  t h e i r  sam p le . In  a d d i t io n ,  
no s ta te m e n ts  o f  p a t i e n t s '  p r e - r e n a l  d is e a s e  i n t e l l e c t u a l  f u n c t io n in g  
a r e  p ro v id e d , in fo rm a tio n  w hich would be in v a lu a b le  in  ju d g in g  th e  
e f f e c t s  o f  u rem ic  syndrome on i n t e l l e c t u a l  f u n c t io n in g .  Such i n f o r -
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
21
n a t io n  would o f  c o u rse  be d i f f i c u l t  t o  o b ta in .)
Hagberg (1974) a d m in is te re d  p s y c h o lo g ic a l  t e s t s  t o  tw en ty  -  
t h r e e  p a t i e n t s  w ith  end s ta g e  r e n a l  d is e a s e  b e fo re  th e  o n s e t  o f  
d i a l y s i s /  tw en ty -o n e  o f  t h e  tw e n ty - th r e e  p a t i e n t s  s ix  m onths a f t e r  
conmencement o f  d i a l y s i s  and s ix te e n  o f  th e  o r ig i n a l  tw e n ty - th re e  
p a t i e n t s  tw e lv e  m onths a f t e r  th e  s t a r t  o f  d i a l y s i s .  The t e s t s  
a d m in is te re d  in c lu d e d  '• (A) a  tim ed  t e s t  o f  v e r b a l  a b i l i t y  in c lu d in g  
item s  o f  s i m i l a r i t i e s /  o p p o s i te s  and synonyms22, (B) p a i r e d  a s s o c ia te  
t a s k  used  to  m easure im m ediate r e c a l l  o f  m a t e r i a l 23, (C) Block D esign24, 
(D) Memory f o r  -Designs T e s t25, (E) V isu a l R e te n tio n  T e s t26 , (F) M irro r  
T e s t2 7 , and (G) V isu a l R e a c tio n  tim e  m e a s u re .28 T e s ts  A ( s i m i l a r i t i e s ) ,  
C, D, E (p a r t  C) F , G, w ere a d m in is te re d  i n  t h e  f i r s t  ex a m in a tio n .
22T e s t  item s w ere o f  th e  m u l t ip le  c h o ic e  ty p e .
23T h is  t e s t  has  been  used  to  m easure memory r e d u c t io n  in  c a s e s  
w ith  c e r e b r a l  damage (R ik lan  £ L e v ita ,  1964) .
21+Based upon b lo c k  d e s ig n  o f  th e  W echsler B e lle v u e  I n te l l i g e n c e
S c a le .
26A sse sse s  s u b j e c t 's  s p a t i a l  p e r c e p tu a l  a b i l i t i e s  a s  w e ll a s  
iirm ed ia te  memory f o r  s im p le  g e o m e tric  d e s ig n s  (Graham £ K en d a ll, 1960) .
26B enton , A . L . The R ev ised  V is u a l R e te n tio n  T e s t ,  Iowa C ity ,  1963.
27T h is  t e s t  r e q u i r e s  th e  p a t i e n t  t o  draw th e  d ia g o n a ls  i n  tw en ty  
s q u a re s  by v iew ing  th e  s q u a re s  in  a  m i r r o r . The tim e needed to  com­
p l e t e  th e  t a s k  i s  s c o re d . The t e s t  i s  assumed t o  m easure th e  p a t i e n t 's  
a b i l i t y  to  s h i f t  and  i s  u sed  c l i n i c a l l y  as  a  m easure o f  r i g i d i t y  m a in ly  
in  c o n n e c tio n  w ith  c e r e b r a l  d i s o r d e r s .
28U t i l i z e s  a c o n v e n tio n a l  r e a c t io n  tim e a p p a r a tu s .
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T e s ts  A (o p p o s ite s )  B, C, E ( p a r t  d ) , G w ere a d m in is te re d  a t  s ix  
m onths fo llo w -u p  and t e s t s  A (synonym s), E ( p a r t  e) and G were 
a d m in is te re d  a t  tw e lv e  m onths post-conm encem ent o f  d i a l y s i s .  A t 
i n i t i a l  ex am in a tio n  on v e rb a l  t e s t  A th e  g e n e ra l  i n t e l l e c t u a l  
l e v e l  o f  th e  p a t i e n t  g roup  a s  a  w hole d id  n o t  d e v ia te  from th e  norm al 
l e v e l .  R e s u lts  on p a i r e d  a s s o c i a t e s ,  b lo c k  d e s ig n , s p a t i a l  memory 
t e s t s ,  m ir ro r  t e s t  and  r e a c t io n  tim e  w ere low er th an  ex p ec ted  from 
th e  g e n e ra l  i n t e l l e c t u a l  l e v e l  a s  e s tim a te d  from th e  t e s t  o f  v e rb a l  
a b i l i t y .  On p a i r e d  a s s o c ia t e s  and Block D esign th e  d i f f e r e n c e s  were 
s i g n i f i c a n t .  R e s u lts  on th e  V isu a l R e te n tio n  T est w ere o u ts id e  th e  
norm al ra n g e . Hagberg e x p re sse d  th e  c o n c lu s io n  t h a t  t h i s  p a t i e n t  
g roup  showed a  c o g n i t iv e  r e d u c t io n  s im i la r  to  t h a t  found in  p a t i e n t s  
w ith  a c e r e b r a l  d i s o r d e r ,  a lth o u g h  th e  d y s fu n c tio n  was c l a s s i f i e d  
a s  m in o r.
Changes in  c o g n i t iv e  fu n c tio n in g  a f t e r  s ix  and tw e lv e  m onths o f  
d i a l y s i s  r e v e a le d  a  c o n s i s t e n t  t r e n d  on a l l  t e s t s  tow ard  b e t t e r  p e r ­
form ance a s  t r e a tm e n t  p ro g re s s e d .  Im provem ent was e s p e c ia l ly  ap­
p a re n t  on t e s t s  m easu rin g  fu n c t io n s  v u ln e ra b le  t o  o rg a n ic  d e c l in e  
(p a ire d  a s s o c i a t e s ,  s p a t i a l  t e s t s  and s p a t i a l  memory t e s t s )  w ith  a 
s i g n i f i c a n t  in c r e a s e  in  p erfo rm ance  in  p a i r e d  a s s o c i a t e s  and Block 
D e s ig n . Normal l e v e l  o f  p erfo rm an ce  on a l l  perfo rm an ce  t e s t s  was 
f i r s t  approached  a t  th e  s ix  month fo llo w -u p  l e v e l .  No s ig n s  o f  
o rg a n ic  d y s fu n c tio n  w ere found tw e lv e  m onths a f t e r  b e g in n in g  d i a l y s i s .  
No s ta te m e n t a s  t o  when t e s t i n g  was c a r r i e d  o u t d u r in g  th e  s ix  and 
tw e lv e  month fo llo w -u p  p e r io d s  was p ro v id e d . As w i l l  be  n o te d  s h o r t ly
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f lu c tu a t io n s  in  c e r t a i n  a s p e c ts  o f  s e n so ry  m otor and c o g n i t iv e  p e r ­
form ance have been  r e p o r te d  when long  term  m a in ta in en c e  d i a l y s i s  
p a t i e n t s  a r e  t e s t e d  s e r i a l l y  (p re , p o s t ,  and p r e - d i a l y s i s )  o v e r a 
t h r e e  day  p e r io d .  H ag b e rg 's  in v e s t i g a t io n  w ould have been  more 
c o n c lu s iv e  had he a d m in is te re d  s e r i a l  t e s t i n g  a t  th e  fo llo w -u p  
p e r io d s /  th e re b y  p ro v id in g  a  c l e a r e r  a sse ssm en t o f  c o g n i t iv e  f u n c t io n ­
in g  w ith  w hich t o  compare p r e - d i a l y s i s  c o g n i t iv e  p e rfo rm an ce . In  
a d d i t i o n , th e  number o f  t e s t s  u t i l i z e d  d u rin g  th e  fo llo w -u p  p e r io d s  
w ere l e s s  th a n  th e  number u t i l i z e d  a t  th e  i n i t i a l  t e s t i n g ,  f u r th e r  
com prom ising th e  r e s u l t s .  F o r . exam ple, a t  th e  tw e lv e  month fo llo w -u p  
p e r io d  th r e e  m easu res w ere u t i l i z e d  compared t o  s ix  m easu res a t  
i n i t i a l  t e s t i n g .
D enour, S h a l t i e l  and C zaczkes (1968) s tu d ie d  n in e  p a t i e n t s  on 
c h ro n ic  h e m o d ia ly s is  o v e r a one y e a r  p e r io d .  P s y c h o lo g ic a l  t e s t s  
in c lu d e d  th e  Raven P ro g re s s iv e  M a tr ic e s  and th e  Kohs (a s u b - t e s t  from 
th e  W echsler B e llev u e  I n te l l i g e n c e  S c a l e ) . S ig n s  o f  b r a in  d y s fu n c tio n  
w ere su g g e s te d  a s  b e in g  p r e s e n t  in  th e  m a jo r i ty  o f  p a t i e n t s  and 
s u sp e c te d  on th e  r e s t .  The a u th o r s  n o te d  t h a t  w h ile  no g ro s s  s ig n s  o f  
b r a in  d y s fu n c tio n  w ere e v id e n t, some m a n i f e s ta t io n s  o f  c o r t i c a l  d y s­
fu n c t io n  m ig h t have been  e x p la in e d  by  p a t i e n t  r i g i d i t y  and i n a b i l i t y  
t o  r e a d a p t  t o  ch an g in g  s i t u a t i o n s . C laim s c o n c e rn in g  b r a in  d y s fu n c tio n  
w ere p a r t i c u l a r l y  u n c le a r  in  t h i s  s tu d y  c o n s id e r in g  t h a t  on th e  Raven 
o n ly  fo u r  p a t i e n t s  s c o re d  below  th e  norm al ran g e  and on th e  Kohs o n ly  
two p a t i e n t s  sco re d  o u ts id e  th e  norm al r a n g e . A d d i t io n a l ly ,  p a t i e n t s  
w ere t e s t e d  w h ile  a c t u a l l y  on th e  d i a l y s i s  m achine, a  tim e  d u r in g  w hich
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v a r io u s  r e a c t io n s  t o  d i a l y s i s  ( e .g . ,  change in  b lo o d  p re s s u re ,  
m u sc le  cram ping, d i s e q u i l i b r a t i o n ,  and headache) may o c c u r , i n t r o ­
d u c in g  a  p o t e n t i a l l y  s i g n i f i c a n t  so u rce  o f  unwanted v a r i a n c e ( a f f e c t ­
in g  t e s t  p e r fo rm a n c e .)
Murawski (1970) a d m in is te re d  th e  C ontinuous Perform ance T e s t29 
to  n in e te e n  p a t i e n t s  b e g in n in g  h e m o d ia ly s is .  C on tinuous Perform ance 
T e s t ,  BUN and C re a t in in e  v a lu e s ,  b e fo re  and  a f t e r  h e m o d ia ly s is  a re  
p re s e n te d  in  T a b le  1 b e lo w . F i r s t  d i a l y s i s  i s  th r e e  h o u rs , sub­
s e q u e n t d ia ly s e s  a re  s ix  h o u rs  in  d u r a t io n .
29"The p a t i e n t  h as  t o  m o n ito r a r a p id ly  ch ang ing  sequence o f  
l e t t e r s  w hich  a r e  exposed f o r  0 .2  se c o n d s . The sequence i s  random­
iz e d  by hav ing  a random n o is e  g e n e r a to r  sc ram b le  th e  sequence a f t e r  
e a c h  s t im u lu s .  Each tim e  an "X" ap p e a rs  th e  p a t i e n t  m ust p re s s  a 
hand s w itc h . Twelve l e t t e r s  w ere on th e  f i lm  s t r i p  w hich a re  l i t  
b y  s e p a ra te  b u lb s ;  f o r  t h i s  s tu d y  10 s t im u l i  (A, C, E, H, K, L, N,
S, U, X) w ere exposed and a s  each  l e t t e r  h as  e q u a l p r o b a b i l i t y  o f  
o c c u r re n c e , th e  c r i t i c a l  s t im u l i  "X" was l i t  w ith  a  fre q u e n c y  o f  
a p p ro x im a te ly  10%. F or h i s  re sp o n se  t o  be  sco re d  c o r r e c t ,  t h i s  m ust 
b e  w i th in ,  f o r  exam ple, 0 .7  seconds o f  th e  ap p e a ran c e  o f  th e  "X". 
L a te  c o r r e c t  re sp o n se s  a r e  a l s o  r e c o rd e d . The r a t e  o f  s tim u lu s  
p r e s e n ta t io n  can be  v a r ie d  a s  can  be th e  s t im u lu s  and re sp o n se  
v a r i a b l e s . "  (M urawski, 1979, p . 5 4 -5 5 ) . The C on tinuous Perform ance 
T e s t  was f i r s t  u t i l i z e d  by Roswald e t  a l . ,  (1956) .
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Table 1
C ontinuous P erform ance T e s t ,  BUN and C re a t in in e
P re  P o s t  1 s t  P o s t  2nd P o s t 3rd
D ia ly s i s  D ia ly s is  D ia ly s i s  D ia ly s is
N = 19 N = 8 N = 8 N = 7
C .P .T .
(Average %
c o r r e c t )  66 80 70 87
BUN
(Average) 121 61 52 43
C re a t in in e
(Average) 13 .7  12 .0  1 1 .0  9 .1
M urawski n o te d  t h a t  th e r e  ap p ea red  to  be a  s i g n i f i c a n t  in c r e a s e  in  
p e rfo rm an ce  p o s t  f i r s t  d i a l y s i s ,  how ever, th e  mean v a lu e  o f  e ig h ty  
p e r c e n t ,  he s u g g e s te d , was u n d o u b te d ly  b ia s e d  by in c lu d in g  o n ly  th o se  
p a t i e n t s  who w ere w i l l i n g  and a b le  to  undergo th e  t e s t  p ro c e d u re s  (a 
d ro p  from  n in e te e n  to  e ig h t  p a t i e n t s ) . C .P .T . r e s u l t s  a f t e r  th e  second 
d i a l y s i s  w ere s t i l l  below  norm al l e v e l s . Murawski n o te d  t h a t  a f t e r  
d i a l y s i s  im provem ent was n o t  im m ediate and in d iv id u a l  v a r i a t io n s  in  th e  
e f f e c t s  o f  u rem ia w ere n o te d , w ith  re c o v e ry  p a t t e r n s  v a ry in g . In d iv id u a l  
p r o f i l e s  w ere p r e s e n te d .  I t  was su g g e s te d  t h a t  th e  d i a l y s i s  d i s e q u i l i b ­
rium  syndrome was r e f l e c t e d  in  th e  C ,P .T . r e s u l t s .  No s t a t i s t i c a l  
r e s u l t s  o f  s i g n i f i c a n c e ,a s  r e g a rd s  p o s t  second  and t h i r d  d ia ly s e s ,w e re  
r e p o r t e d .
M urawski, S p e c to r  and F o l l e t t e  (1973) n o te d  t h a t  e r r o r s  g e n e r a l ly  
in c r e a s e d  and a s lo w er re sp o n se  r a t e  was o b se rv e d  on th e  C .P .T . in  
c l i n i c a l l y  u rem ic p a t i e n t s .  Im provem ents in  perfo rm ance  w ere n o te d
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w ith  d i a l y s i s  th e r a p y .  M urawski, S p e c to r  and F o l l e t t e  compared 
b lood  flow  and tim e on d i a l y s i s  f o r  t h e i r  e f f e c t s  in  r e tu rn in g  
v ig i l a n c e  a t t e n t i o n  to  norm al l e v e l s .  W ith in  th e  c o n s t r a i n t s  o f  
th e  d a ta ,  i t  i s  a p p a re n t from  th e  r e s u l t s  c i t e d  in  T ab le  2- be low , 
t h a t  b lo o d  flow  i s  th e  c r i t i c a l  f a c t o r .  (P e rc e n ta g e s  r e f e r  to  
mean C on tinuous Perform ance T e s t  S c o re s .  H igher p e r c e n t  e q u a ls  
h ig h e r  s c o re .)
T a b le  2
E f f e c t s  o f  B lood Flow and Time On D ia ly s i s  On 
V ig ila n c e  A t te n t io n
Blood Flow
High (220 m l/m in) Low (220 m l/m in)
18 56.0% 72.8%
H ours d ia ly s is /w e e k
----------------------------------  15 55.7% 72.6%
D if f e r e n t  r e s u l t s  m ig h t have been  found had  th e  ran g e  f o r  th e  t i n e  
v a r i a b l e  been  expanded , p a r t i c u l a r l y  a t  th e  low er en d . The tim e 
f a c t o r  may th e n  have become more c r i t i c a l .
Spehr e t  a l .  (1977) a d m in is te re d  e le c tro e n c e p h a lo g ra m s  and 
p s y c h o lo g ic a l  t e s t s  t o  lo n g  te rm  m ain ten an ce  d i a l y s i s  p a t i e n t s  
b e fo re  and a f t e r  h e m o d ia ly s is .30 A f te r  h e m o d ia ly s is  th e r e  was a 
s i g n i f i c a n t  im provem ent in  maximal ta p p in g  speed  ( r e p e t i t i v e
30A f u l l  p r e s e n ta t io n  o f  p s y c h o lo g ic a l  t e s t  r e s u l t s  i s  r e p o r te d  
by S pehr e t  a l . ,  to  be in  Wiedemann (1976) . No com ple te  c i t a t i o n  
i s  p ro v id e d  how ever, and a com puter s e a rc h  o f  th e  w o rld  l i t e r a t u r e  
r e v e a le d  no such c i t a t i o n .
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p r e s s in g  o f  a  b u tto n )  and v i s u a l  d i s c r im in a t io n  and memory (a s s e s s e d  
by  ta c h i s to s c o p ic  p r e s e n ta t i o n  o f  num bers w ith  v a r i a b l e  p r e s e n ta t io n  
t im e .)  S pon taneous ta p p in g  sp eed  i s  n o te d  as n o t  ch an g in g  s i g n i f ­
i c a n t l y .  Some l in k a g e  was found  betw een  e le c tro e n c e p h a lo g ra p h  and 
t e s t  p e rfo rm a n c e . " V isu a l d i s c r im in a t io n  and  memory im proved a f t e r  
h e m o d ia ly s is ,  p a r a l l e l  t o  th e  d e c re a s e  o f  BUN, c r e a t i n i n e  and 
p o ta s s iu m . They w ere c o r r e l a t e d  n e g a t iv e ly  w ith  low v o l ta g e ,  f a s t  
and com plex e le c tro e n c e p h a lo g ra p h  r e c o r d in g s ."  (p . 7 9 6 .)  The in c r e a s e  
in  m axim al ta p p in g  sp e e d  p o s t-h e m o d ia ly s is  seemed t o  i n d i c a t e  a  
d e c re a s e  i n  im pairm en t cau sed  by  to x i c  m e ta b o l i t e s .  S pon taneous 
ta p p in g  speed , w h ile  show ing no s i g n i f i c a n t  h e m o d ia ly s is  e f f e c t s ,  d id  
show a  te n d e n c y  tow ard  a  p o s i t i v e  c o r r e l a t i o n  w ith  t h e  rem oval o f  
a g e n ts  l i a b l e  to  a l t e r  CNS d y s f u n c t io n .
T eschan  e t  a l .  (1 9 7 4 ), Ginn (1975) and G inn e t  a l . (1975) (The 
V a n d e r b i l t  Group) u t i l i z e d  v a r io u s  p erfo rm an ce  t e s t s  o f  c o g n i t iv e  
f u n c t io n in g  to  m easu re , in  q u a n t i t a t i v e  te rm s , th e  c o g n i t iv e ly  b ased  
n e u ro b e h a v io ra l  im p a irm en ts  a s s o c ia te d  w ith  u re m ia . To m easure  
s u s ta in e d  a t t e n t i o n  span  and a l e r t n e s s  th e  T ra ilm a k in g  T e s t ( T . M . T . ) ^ !  
from  th e  R e ita n  N e u ro p sy c h o lo g ic a l B a t te r y  (R e i ta n ,  1 9 6 9 ), th e  C ho ice
"As r a p id ly  a s  p o s s ib l e  th e  s u b je c t  c o n n e c ts  w ith  a  p e n c i l  
l i n e  a  sequence  o f  l a b e l l e d  random ly  lo c a te d  c i r c l e s  ( l a b e l le d  1 , A,
2 , B, e t c . )  on a  s h e e t  o f  p a p e r .  The tim e  r e q u i r e d  i s  m easured  by 
s to p w a tc h  and re c o rd e d  in  s e c o n d s ."  (G inn, 1975, p . S -2 1 8 .)
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R e a c tio n  Time T e s t32 (C o lo r c h o ic e )  and th e  C on tin u o u s P erform ance 
T e s t  (d e s c r ib e d  p re v io u s ly )  w ere u t i l i z e d .  To m easure s h o r t  term  
r e c o g n i t io n  memory th e  A u d ito ry  S h o r t Term Memory T a sk 33 was em ployed.
32C hoice R e a c tio n  Time T ask  -  "The s u b je c t  i s  p r e s e n te d  w ith  a 
s e r i e s  o f  f iv e  t a s k s  w hich m easu re  r e a c t io n  tim e  and v ig i l a n c e ,  
a c c o rd in g  to  th e  d e s c r i p t i o n  in  exam ples one and two b e lo w . The s e t  
s i z e  i s  v a r ie d ,  u s in g  tw o , t h r e e ,  and fo u r  c o l o r s ,  and e i t h e r  th e  
p r o p o r t io n  o f  t a r g e t  (Red) s t im u l i  i s  e q u a l to  th e  p r o p o r t io n  o f  
o th e r  c o lo r s  (when th e r e  a re  two c o lo r s ,  h a l f  o f  them  a r e  re d ;  when 
th e r e  a r e  f o u r  c o lo r s ,  one f o u r th  o f  them a re  re d )  o r  e l s e  h a l f  o f  
a l l  i te m s  p r e s e n te d  a r e  r e d ,  r e g a r d le s s  o f  th e  s e t  s i z e .
Example 1; I n s t r u c t i o n s ;  Push th e  b u t to n  a s  soon a s  th e  l i g h t  
g o es  o n .
Example 2: Push  th e  b u t to n  a s  q u ic k ly  a s  you can  when you s e e
th e  re d  l i g h t ,  b u t  o n ly  f o r  th e  re d  l i g h t .  Ig n o re  
a l l  o th e r s .  (G inn, 1975, p . S -2 1 9 .) "
33A u d ito ry  S h o r t Term Memory; "Each form  o f  t h e  t e s t  b e g in s  w ith  
f i v e  p r a c t i c e  l i s t s  o f  n in e  w ords ea ch . The word p o o l c o n s i s t s  o f  
w ords w hich  a r e  h ig h ly  f a m i l i a r ,  o c c u r r in g  a t  l e a s t  15 tim e s  p e r  
m i l l i o n ,  a r e  f i v e  to  e ig h t  l e t t e r s  i n  l e n g th  and c o n s i s t  o f  two s y l ­
l a b l e s  w ith  t h e  s t r e s s  on th e  f i r s t  s y l l a b l e .  The 15 t e s t  i te m s  a r e  
p r e s e n te d  by  ta p e  r e c o r d e r  th ro u g h  e a rp h o n e s . Each l i s t  c o n s i s t s  o f  
th r e e  b e e p s ,  n in e  d i f f e r e n t  w o rd s , a  s in g l e  b eep  and a  t e s t  w ord .
The s u b j e c t 's  t a s k  i s  t o  d e c id e  w h e th e r  o r  n o t  th e  t e s t  word o c c u rre d
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To a s s e s s  m en ta l m a n ip u la tio n  o f  sym bols an answ er r e c o g n i t io n  t a s k 31* 
was a d m in is te r e d .  P s y c h o lo g ic a l  t e s t s  w ere a d m in is te re d  v a r io u s ly  
to  azo tem ic  p a t i e n t s  n o t  on d i a l y s i s  and u rem ic  p a t i e n t s  on m ain­
te n a n c e  h e m o d ia ly s is .
G inn (1975) and T eschan  e t  a l .  (1974) found  a  d i r e c t  r e l a t i o n ­
s h ip  b e tw een  serum  c r e a t i n i n e  c o n c e n t r a t io n  and  T r a i l  Making T e s t 
p e rfo rm an ce  f o r  azo tem ic  s u b je c t s  ( c o r r e l a t i o n  c o e f f i c i e n t ,  r  = 0 .8 1 8 , 
s i g n i f i c a n c e  = .0 1 ; r e p o r te d  by  G inn e t  a l . (1975) a s  r  = .8 9 0 , p  < .001 , 
on a  s im i l a r  sam ple) . E lev e n  o u t  o f  f o u r te e n  s u b je c ts  d ia ly z e d  o n ly  
tw ic e  a  week had  p e rfo rm a n c es  below  no rm al l i m i t s .  S u b je c ts  b e in g  
d ia ly z e d  th r e e  tim e s  a  week w ere w i th in  norm al l i m i t s  w ith  b u t  one 
e x c e p t io n .  S im ila r  r e s u l t s  w ere  n o te d  by G inn (1973) .
3 3 (C o n t'd )  i n  t h e  l i s t  o f  n in e  t h a t  he h a s  j u s t  h e a rd  and to  
p u sh  t h e  a p p r o p r ia te  b u t to n  to  i n d i c a t e  a  "y es"  o r  "no" re sp o n s e .
The d ep en d en t v a r i a b l e s  a r e  speed  and  a c c u ra c y  o f  r e s p o n s e ."  (G inn,
1975, p .  S-219) . B ecause o f  th e  m u l t ip le  t e s t  s e r i e s  t h i s  in s tru m e n t 
i s  r e p e a t a b l e .
3l+By m eans o f  a C a ro u se l p r o j e c t o r ,  th e  s u b je c t  i s  p r e s e n te d  w ith  
a  b a s ic  a d d i t io n  p ro b lem , made up  o f  some c o m b in a tio n  o f  num bers from 
z e ro  t o  n in e ,  and an answ er t h a t  i s  e i t h e r  c o r r e c t  o r  th e  c o r r e c t  
answ er p lu s  o r  m inus o n e . H is t a s k  i s  to  re sp o n d  b y  p u sh in g  a b u t to n  
l a b e l l e d  " c o r r e c t "  o r  a  b u t to n  l a b e l l e d  " i n c o r r e c t " .  H a lf  t h e  answ ers  
a r e  c o r r e c t  and  h a l f  i n c o r r e c t .  The d e p e n d e n t v a r i a b l e  i s  speed  o f  
r e s p o n s e ."  (G inn, 1975, p .  S -220) . (F iv e  l i s t s  have been  d e v e lo p e d .)
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As re g a rd s  s h o r t  te rm  r e c o g n i t io n  memory G inn (1 9 7 3 ), Teschan 
e t  a l .  (1974) and Ginn (1975) r e p o r te d  t h a t  r e g a r d le s s  o f  th e  
a b s o lu te  v a lu e  o f  th e  p r e - d i a l y s i s  (Do) l e v e l  o f  p e rfo rm an ce  on 
th e  A u d ito ry  S h o r t Term Memory T ask , s u b je c t s  showed a tem p o ra ry  
im provem ent in  l e v e l  o f  p e rfo rm an ce  on th e  m orning  fo llo w in g  d i a l y s i s  
(D^) and a  r e g r e s s io n  t o  a  lo w er l e v e l  o f  p e rfo rm an ce  j u s t  p r i o r  to  
th e  n e x t  d i a l y s i s  (D^) . T h is  e f f e c t  was s i g n i f i c a n t  a t  t h e  p  < .01 
l e v e l .  R e s u l ts  r e p o r te d  in  Ginn e t  a l .  (1975) showed a s i g n i f i c a n t  
im provem ent p o s t - d i a l y s i s  (D^) and  a  s i g n i f i c a n t  r e g r e s s io n  on th e  
second  day  p o s t  d i a l y s i s  (D^) (p < .001) . Mean re sp o n s e  tim e s  w ere 
p ro lo n g e d  i n  azo tem ic  p a t i e n t s  w o rsen in g  w ith  d e g re e  o f  r e n a l  f a i l u r e  
( r  = .6 8 7 , p  < .0 0 1 ) .
In  th e  a s se s sm e n t o f  m e n ta l m a n ip u la t io n  o f  sym bols u t i l i z i n g  
th e  answ er r e c o g n i t io n  t a s k ,  T eschan  e t  a l .  (1974) and Ginn (1975) 
r e p o r te d  t h a t  f o r  v a ry in g  d e g re e s  o f  a z o te m ia  th e r e  i s  a  d i r e c t  
c o r r e l a t i o n  betw een  answ er r e c o g n i t io n  t im e s  and serum  c r e a t i n i n e  
c o n c e n t r a t io n  ( c o r r e l a t i o n  r  = .7 5 7 , p  < .05 ; r e p o r te d  by Ginn e t  a l . ,  
(L975)_on a s im i l a r  sam ple a s  r  = .7 6 8 , p < .001) . Serum c r e a t in in e  i s  
used  h e r e  a s  a m easu re  o f  d e c r e a s in g  k id n e y  f u n c t io n .  F our o f  fo u r  
p a t i e n t s  had  im provem ents i n  t h e i r  answ er r e c o g n i t io n  tim e s  w ith in  
two w eeks o f  conmencement o f  d i a l y s i s  t r e a tm e n t .  P e rfo rm an ces  w ere 
s t i l l  below  norm al l i m i t s ,  how ever.
R e s u l t s  f o r  th e  C on tin u o u s P erfo rm an ce  T e s t  and C hoice  R e a c tio n  
Time T e s t  w ere b e in g  a s s e s s e d  by  Ginn (1975) a t  th e  tim e  o f  w r i t in g  
and w ere n o t  r e p o r t e d .
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Ginn e t  a l . (1975) r e p o r te d  t h a t  s e v e r a l  n e u ro p h y s io lo g ic a l  
m ea su re s , i . e . ,  th e  sp o n tan eo u s  e le c tro e n c e p h a lo g ra m , and v i s u a l  
evoked re sp o n s e  la t e n c y 35 w ere h ig h ly  c o r r e l a t e d  w ith  th e  s e v e r i t y  
o f  r e n a l  f a i l u r e .  In  p a t i e n t s  n o t  on d i a l y s i s ,  a s  r e n a l  f a i l u r e  
in c r e a s e s ,  in c r e a s in g  am ounts o f  EEG power a r e  a s s o c ia te d  w ith  
s lo w er wave f re q u e n c ie s  ( r  = .6 9 5 , p < .001) . Slow wave a s s o c ia te d  
EEG pow er r e tu r n s  t o ,  o r  n e a r ly  to  norm al when u rem ic  p a t i e n t s  n o t 
d ia ly z e d  a r e  th e n  t r e a t e d  o v e r  tim e  (days -  w eeks) on m ain ten an ce  
d i a l y s i s .  EEG power sp ec tru m  a n a ly s e s  o f  p a t i e n t s  on tw ic e  w eekly  
d i a l y s i s  im proved when th e y  w ere d ia ly z e d  t h r i c e  w eek ly .
When v i s u a l  evoked re sp o n s e  r e s u l t s  a r e  a n a ly z e d  e l e c t r o n i c a l l y  
a c c o rd in g  t o  peak  l a t e n c i e s  and a m p litu d e s  in  n o n -d ia ly z e d  k id n ey  
p a t i e n t s  t h e r e  i s  a  s i g n i f i c a n t  c o r r e l a t i o n  b e tw een  th e  la te n c y  o f  
th e  m a jo r n e g a t iv e  d e f l e c t i o n  and t h e  d e g re e  o f  r e n a l  f a i l u r e  ( r  = 
.4 9 6 , p  < .0 1 ) .  The l a t e n c y  o f  t h i s  peak  i s  sh o r te n e d  in  p a t i e n t s  
on m a in te n an c e  d i a l y s i s .
T esch an  e t  a l .  (1975) com pared d i a l y s i s  p a t i e n t s ' EEGs (3-7  
Hz EEG pow er) and  c o g n i t iv e  p e rfo rm an ce  (C hoice R e a c tio n  Time and 
Answer R e c o g n itio n )  when d ia ly z e d  f o r  2-4 m onths on a s ta n d a rd  
h e m o d ia ly z e r  (D4 K i i l ,  p e r io d  A ^ ) , s u b s e q u e n tly  when d ia ly z e d  f o r  
sev en  m onths on tw o Gambro d i a l y z e r s  w ith  174 mem branes (p e r io d  B) 
d e s ig n e d  to  i n c r e a s e  th e  c le a r a n c e  o f  m id d le  m o le c u le s , and th e n
35" . . . s t r o b e  l i g h t  f l a s h e s  b e f o r e  a  s u b j e c t 's  ey es  w i l l  p ro d u ce  
a  v i s u a l  evoked re sp o n se  (VER) i n  t h e  o c c i p i t a l  E E G ..."  (Ginn e t  a l . ,  
1975 , p .  5 -3 5 8 .)
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a g a in  when p a t i e n t s  w ere r e tu r n e d  to  a  D4 K i i l  d i a ly z e r  f o r  th r e e  
m onths (p e rio d  A2) . When th e  d a ta  in  B was com pared t o  A ^ ,a l l  
m easu res  became more n o rm a l. The 50% d e c l in e  i n  EEG v a lu e  was 
s t a t i s t i c a l l y  s i g n i f i c a n t  a t  th e  1.0% l e v e l ,  th e  change in  p e rfo rm ­
ance f o r  Answer R e c o g n itio n  was s i g n i f i c a n t  a t  th e  5.0% l e v e l ,  w h ile  
im provem ent in  p e rfo rm an ce  on th e  C hoice R e a c tio n  Time d id  n o t re a c h  
s ig n i f i c a n c e .  When s u b je c t s  w ere r e tu r n e d  to  D4 K i i l  d i a l y s i s  in  A2, 
t h e r e  was an 11% d e c l in e  i n  th e  c le a r a n c e  o f  B12 and an 18% r i s e  in  
u re a  c le a r a n c e .  A verage slow  wave EEG pow er in c r e a s e d  by t h i r t y -  
e ig h t  p e r c e n t  o f  t h e  v a lu e  in  p e r io d  B (an abnorm al t r e n d )  s i g n i f i c a n t  
a t  t h e  p < .01  l e v e l .  However, th e  c o g n i t io n  d ep en d en t m easu res , 
d e s p i t e  th e  in c r e a s e  i n  a v e rag e  slow  wave EEG pow er, c o n tin u e d  to  
im prove , a l th o u g h  a t  a  l e v e l  n o t r e a c h in g  s i g n i f i c a n c e .  I t  i s  s u g g e s te d  
t h a t  EEG s lo w in g  may b e  im proved by in c r e a s in g  th e  c le a r a n c e  o f  m o lecu le s  
a p p ro x im a te ly  th e  s i z e  o f  B12 and n o t  th e  c le a r a n c e  o f  s m a l le r  m o le c u le s . 
The d i s s o c i a t e d  c o n n e c tio n  betw een  EEG b e h a v io u r  and  c o g n i t iv e  p e rfo rm ­
ance  (when av e ra g e  s lo w  wave power in c r e a s e d  s i g n i f i c a n t l y  c o g n i t iv e  
p e rfo rm an ce  c o n tin u e d  t o  im prove) was s u r p r i s i n g  and  was su g g e s te d  by 
th e  a u th o r s  a s  a r i s i n g  from  th e  d i a l y s i s  fo rm a t, o r  a s  y e t  u n id e n t i f i e d  
v a r i a b l e s .
Summary & C o n c lu s io n s
The l i t e r a t u r e  on th e  se n so ry -m o to r  and c o g n i t iv e  fu n c t io n in g  o f  
u rem ic  a d u l t s  n o t u n d e rg o in g  h e m o d ia ly s is  r e v e a l s  a  p a t t e r n  o f  d e f i c i t s  
s u g g e s t iv e  o f  c o r t i c a l  d y s fu n c t io n .  When u n t r e a te d  u rem ic  p a t i e n t s  a r e
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
33
t r e a t e d  w ith  h e m o d ia ly s is  th e r e  i s  an im provem ent in  t h e i r  c o g n i t iv e  
f u n c t io n in g .  A s ig n i f i c a n t  c o r r e l a t i o n  betw een p lasm a l e v e l s  o f  
c r e a t i n i n e  and p o ta ss iu m , and c o g n i t iv e  fu n c t io n in g  i s  f u r th e r  
su p p o rte d  by  th e  l i t e r a t u r e .
P r io r  s tu d ie s  ( e . g . ,  D enour, S h a l t i e l  £ C zaczkes, 1968; M urawski, 
S p e c to r  £ F o l l e t t e ,  1973; H agberg, 1974; T eschen  e t  a l . ,  1974; G inn,
1973, 1975; Spehr e t  a l . ,  1977) have in v e s t ig a te d  th e  c o g n i t iv e  a n d /o r  
se n so ry -m o to r  f u n c t io n in g  o f  th e  c h ro n ic  h e m o d ia ly s is  p a t i e n t .  These 
s tu d ie s  su g g e s t  t h a t  1) c h ro n ic  d i a l y s i s  p a t i e n t s  on th e  m achine f o r  
12 m onths show no ev id e n c e  o f  c e r e b r a l  im p a irm en t, 2) f lu c tu a t io n s  in  
p e rfo rm an ce , p re  and p o s t - d i a l y s i s ,  may be seen  on m easu res  o f  maximal 
ta p p in g  sp eed , v i s u a l  d i s c r im in a t io n  and memory and a u d i to r y  s h o r t  
term  memory, and 3) f lu c tu a t i o n s  i n  p e rfo rm an ce , p r e  and p o s t - d i a l y s i s ,  
p a r a l l e l  a d e c re a s e  in  l e v e l s  o f  BUN, p o ta ss iu m  and c r e a t i n i n e .
No s tu d y , how ever, h as  in v e s t ig a te d  th e  c o g n i t iv e  and s e n so ry -  
m otor fu n c t io n in g  o f  th e  c h ro n ic  long  term  h e m o d ia ly s is  p a t i e n t  in  a 
m anner w hich in c lu d e s  a l l  o f  th e  fo llo w in g  k.ey com ponents; 1) th e  u se  
o f  a  t e s t  b a t t e r y  m easu rin g  a  w ide ran g e  o f  c o g n i t iv e  and se n so ry -m o to r 
a b i l i t i e s ,  2) s e r i a l  t e s t i n g  p r e ,  p o s t  and  p r e - d i a l y s i s ,  3) th e  u se  o f 
a  t e s t  in s tru m e n t t o  m o n ito r changes in  th e  p a t i e n t ' s  p e rc e p tio n  o f  
h i s / h e r  p s y c h o lo g ic a l  and m ed ic a l c o n d i t io n  a t  each  t e s t  a d m in is t r a t io n ,  
i n  o r d e r  t h a t  v a r ia n c e  i n  t e s t  p e rfo rm an ce , due to  p e rc e iv e d  changes in  
p s y c h o lo g ic a l  a n d /o r  m e d ic a l c o n d i t io n ,  may be  i d e n t i f i e d ,  and 4) th e  
m o n ito r in g  o f  serum c h e m is try  p r e ,  p o s t  and p r e - d i a ly s e s  (c o in c id in g  
w ith  c o g n i t iv e  and se n so ry -m o to r  t e s t  a d m in is t r a t io n  on Do, D1, and D2) ,
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f o r  p u rp o se s  o f  a n a ly z in g  w h e th e r o r  n o t  changes in  serum c h e m is try
a re  s i g n i f i c a n t l y  c o r r e l a t e d  w ith  p o s s ib le  ch an g es  in  c o g n i t iv e  and
se n so ry -m o to r  t e s t  p e rfo rm an ce  o v e r  D , D, and D_. The p r e s e n t
o  1 2
s tu d y  in c lu d e d  1 -4  above f o r  p u rp o se s  o f  an sw erin g  th e  fo llo w in g  key 
q u e s t io n s :  l.How do c h ro n ic  d i a l y s i s  p a t i e n t s '  p e rfo rm a n ce s  on c o g n i t iv e  
and se n so ry -m o to r  t e s t s  com pare t o  a v a i l a b l e  norm s f o r  a  norm al p o p u la ­
t io n ?  2 .What p a t t e r n s  o f  s t r e n g th s  a n d /o r  w eak n esses may be found  in  th e  
c o g n i t iv e  and s e n so ry -m o to r  f u n c t io n in g  o f  th e  c h ro n ic  h e m o d ia ly s is  
p a t i e n t ?  and 3 . Do s i g n i f i c a n t  ch an g es  in  c o g n i t iv e  and sen so ry -m o to r  
f u n c t io n in g  o c c u r  when p r e ,  p o s t  and p r e - d i a l y s i s  p e rfo rm an ces  a r e  
com pared? I f  s o , do s p e c i f i c  serum  m easu res  seem t o  b e  c o r r e l a t e d  
w ith  ch an g es  in  c o g n i t iv e  and  se n so ry -m o to r  p e rfo rm an ce  when t e s t  r e s u l t s  
a c r o s s  DQ, and D2 a r e  com pared .
T hrough th e  i n c lu s io n  o f  m e th o d o lo g ic a l  c r i t e r i a  1 -4  (above) 
q u e s t io n s  1 -3  (above) w i l l  h o p e f u l ly  be m ore c l e a r l y  u n d e rs to o d . In  
t h i s  m anner a  c l e a r e r  i n t e g r a t i o n  o f  many unansw ered  and c o n t r o v e r s i a l  
q u e s t io n s  may be  a c h ie v e d .
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CHAPTER II
METHOD
S u b je c ts
Tw enty a d u l t  (ages 25 -  68 y r s . ,  x = 4 6 .5 , S.D . = 11 .330) end 
s ta g e  r e n a l  d i s e a s e  p a t i e n t s  on m ain ten an ce  h e m o d ia ly s is  f o r  10 -  86 
moe., (x = 3 9 .7 , S .D . = 2 1 .5 8 2 ) ,  c u r r e n t l y  b e in g  d ia ly z e d  i n  th e  Henry 
Ford  H o s p i ta l  n e tw o rk , w ere s e le c te d  f o r  t h i s  s tu d y . F o u rte e n  m ale 
and s ix  fem ale  s u b je c t s  w ere in c lu d e d , th e  e x a c t  p r o p o r t io n  o f  w hich  
depended  upon s u b je c t  a v a i l a b i l i t y .  A l l  s u b je c ts  w ere on a  th r e e  
tim e s/w ee k  d i a l y s i s  reg im e n . To in s u r e  t h a t  a l l  s u b je c t s  had been  
a d e q u a te ly  d ia ly z e d  p r i o r  to  th e  commencement o f  t h i s  s tu d y  a l l  
s u b je c ts  chosen  had  a  p r e - d i a l y s i s  BUN o f  50-100  mg/100 ml a s  d e t e r ­
m ined by each  o f  t h e i r  l a s t  t h r e e  b i-w e e k ly  p r e - d i a l y s i s  BUN v a lu e s .
No p a t i e n t  ju d g ed  by m e d ic a l  s t a f f  t o  b e  a c u te ly  i l l ,  to  be d i a b e t i c  
o r  to  have a  h i s t o r y  o f  known c e r e b ro v a s c u la r  d is e a s e  was in c lu d e d  in  
t h i s  s tu d y .  The e x c lu s io n  o f  . s u b je c t s  w i th  d i a b e t e s  was d e s ig n e d  to  p r e ­
v e n t any  v a r i a t i o n s  i n  c o g n i t iv e  p e rfo rm an ce  from  b e in g  due t o  b io c h e m ic a l
ch an g es  a s s o c ia te d  w ith  d i a b e t e s .  The e x c lu s io n  o f  s u b je c ts  w ith  
known c e r e b ro v a s c u la r  d i s e a s e  was d e s ig n e d  to  in s u r e  th e  p o s s i b i l i t y  
o f  p e rfo rm an ce  v a r i a t i o n  on p s y c h o lo g ic a l  t e s t i n g ,  i . e . ,  th e r e  was 
no a  p r i o r i  re a s o n  bo b e l i e v e  t h a t  h e m o d ia ly s is  had  no p o s s i b i l i t y  o f  
a f f e c t i n g  c o g n i t iv e  p e rfo rm a n c e  (as m ig h t b e  th e  c a s e  in  s u b je c ts
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w ith  p r i o r  o rg a n ic  d y s f u n c t io n ) .
S u b je c ts  w ere p a id  a sum o f  t h i r t y  d o l l a r s  f o r  t h e i r  p a r t i c i ­
p a t io n  in  t h i s  s tu d y .
Equipm ent
A l l  s u b je c ts  w ere d ia ly z e d  on a C en tu ry  I  o r  I I  D ia ly s i s  C o n tro l 
U n it m an u fac tu red  by  Cobe L a b o ra to r ie s .  The ty p e  o f  h em o d ia ly ze r 
u se d  f o r  each  s u b j e c t 's  d i a l y s i s  was d e te rm in e d  b y  w hich  s iz e  C o rd is  
Dow Hollow F ib e r  d i a ly z e r  h e /s h e  was t y p i c a l l y  d ia ly z e d  o n . A v a ila b le  
d i a l y z e r s  and t h e i r  c le a r a n c e  p r o p e r t i e s  a r e  in c lu d e d  i n  A ppendix E. 
S u b je c ts  w ere d ia ly z e d  a c c o rd in g  t o  norm al p ro c e d u re s ,  i . e . ,  no change 
in  a  s u b j e c t ' s  t y p i c a l  d i a l y s i s  reg im en  was r e q u i r e d  f o r  t h i s  s tu d y .
R a t io n a le  f o r  P s y c h o lo g ic a l  T e s t  S e le c t io n
A ll  s u b je c ts  r e c e iv e d  t h e  fo llo w in g  b a t t e r y  o f  p s y c h o lo g ic a l  
t e s t s . 36 1) T ra ilm a k in g  T e s t ,  2) D ig i t  Sym bol, 3) D i g i t  Span, 4) 
F in g e r  T a p p in g , 5) Speech  Sounds P e r c e p t io n ,  6) S e a sh o re  Rhythm, 7) 
Grooved P eg b o ard , 8) G rip  S t r e n g th ,  9) C o lo r Naming, 10) Word F lu e n c y , 
11) P ro v e rb s  T e s t ,  12) Q uick T e s t ,  13) C hoice  R e a c tio n  Time, 14)
B enton V is u a l  R e te n t io n ,  15) S u b je c t iv e  R a tin g  S c a le .
T e s t  s e l e c t i o n  was d i c t a t e d  by th e  need  f o r  a  r e l a t i v e l y  b r i e f ,  
r e p e a ta b le  b a t t e r y  o f  p s y c h o lo g ic a l  t e s t s  w hich  a c c u r a te ly  and r e -
36A d e s c r i p t i o n  o f  a l l  t e s t s  a d m in is te re d  i n  t h i s  s tu d y  a p p e a rs  
in  th e  s e c t io n  e n t i t l e d  " D e s c r ip t io n  o f  P s y c h o lo g ic a l  T e s ts '. '.  The 
s c h e d u le  o f  a d m in is t r a t io n  a p p e a rs  in  th e  s e c t io n  e n t i t l e d  " T e s t 
A d m in is t r a t io n " .
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l i a b l y  m easu res  a w ide v a r i e t y  o f  c o g n i t iv e  and se n so ry -m o to r  
a b i l i t i e s .  S e v e ra l  t e s t s  (5 , 6 above) w ere s e le c te d  d i r e c t l y  from  
th e  H a ls te a d -R e ita n  N eu ro p sy c h o lo g ic a l T e s t  B a t te r y ,  a  v a l i d ,  r e ­
l i a b l e  s e t  o f  in s tru m e n ts  u t i l i z e d  f o r  i t s  s e n s i t i v i t y  t o  a  w ide 
v a r i e t y  o f  n e u r o lo g ic a l  d y s fu n c t io n s  (R e ita n  & D av iso n , 1974) and 
f o r  i t s  r i g i d  s ta n d a r d iz a t io n  (R e ita n , 1969) . O th e r t e s t s  (1 -4 , 7 -1 0  
above) w ere chosen  from  among th e  s u b te s t s  o f  th e  R enn ick  R e p e a ta b le  
C o g n itiv e -P e rc e p tu a l-M o to r  T e s t in g  and G en e ra l N e u ro p sy c h o lo g ic a l 
A ssessm ent B a t te r y  (R enn ick , 1 9 7 4 ), a s e t  o f  r e p e a ta b le  n e u ro p sy c h o l­
o g ic a l  t e s t  in s tru m e n ts  many o f  w hich (1 -4 , 7 , 8 above) w ere a d a p te d  
from  th e  H a ls te a d -R e ita n  B a t te r y  and d ev e lo p ed  i n t o  a  r e p e a ta b le  
fo rm a t by R enn ick  and h i s  co -w o rk e rs  a t  L a fa y e t te  C l in i c .  A r e p e a t -  
a b le  b a t t e r y  s im i la r  t o  t h a t  u t i l i z e d  in  th e  p r e s e n t  s tu d y  was employed 
by Adams e t  a l . (1975) i n  t h e i r  s tu d y  o f  th e  n e u ro p sy c h o lo g ic a l  s e q u a la e  
o f  m u l t ip le  d ru g  a b u s e . I n  o rd e r  t o  in c lu d e  a r e a s  o f  c o g n i t iv e  and 
s e n so ry -m o to r  p e rfo rm an ce  n o t  a d e q u a te ly  m easu red  by  t e s t s  from th e  
b a t t e r i e s  o f  H a ls te a d -R e i ta n  and R ennick  (above), o th e r  t e s t  in s tru m e n ts  
(11-14 above) w ere in c lu d e d .
The co m p le te  c o g n i t iv e ,  s e n so ry -m o to r  b a t t e r y  (1 -14  above) m easu res  
a  w ide v a r i e t y  o f s im p le  t o  com plex c o g n i t iv e  and sen so ry -m o to r  
a b i l i t i e s ,  in c lu d in g  s k i l l s  in  a t t e n t i o n - c o n c e n t r a t i o n ,  a u d i to r y  s h o r t  
te rm  memory, a u d i to r y  d i s c r im in a t io n ,  a u d i to r y  (v e rb a l)  co m prehension , 
v is u a l - m o to r  c o o r d in a t io n ,  v is u a l - m o to r  p la n n in g  and o r g a n iz a t io n ,  
v i s u a l  memory, v i s u a l  a n a l y s i s  o f  p i c t o r i a l l y  p r e s e n te d  s t i m u l i ,  v e r b a l  
a s s o c i a t i o n ,  v e r b a l  a b s t r a c t i o n ,  v e r b a l  r e a s o n in g ,  m o to r sp eed , m otor
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s t r e n g th ,  symbol p r o c e s s in g ,  and le a r n in g  o f  n o v e l t a s k s .  Each t e s t  
h as  a  f l o o r  and c e i l i n g  w hich p e rm its  a sse ssm e n t o f  a w ide ran g e  o f  
c o g n i t iv e  and se n so ry -m o to r  a b i l i t i e s .
D e s c r ip t io n  o f  P s y c h o lo g ic a l  T e s ts
P ro v e rb s  T e s t ;  The P ro v e rb s  T e s t  (Gorham, 1956) c o n s i s t s  o f  
t h r e e  p a r a l l e l  s e t s  o f  tw e lv e  p ro v e rb s  m easu rin g  v e r b a l  com prehension  
and a b s t r a c t  t h in k in g .  The th r e e  p a r a l l e l  form s have e q u a l i ty  o f  
m eans, v a r ia n c e s  and c o - v a r ia n c e s .  Each ite m  i s  m atched f o r  d i f f i c u l t y  
w ith  i t s  c o rre sp o n d in g  ite m  in  th e  o th e r  two s c a l e s .  One form was 
a d m in is te re d  a t  each  t e s t i n g  s e s s io n .  S u b je c ts  w ere i n s t r u c t e d  to  
w r i te  t h e i r  i n t e r p r e t a t i o n  o f  th e  m eaning o f  e a c h  p ro v e rb  a c c o rd in g  to  
a s p e c i f i e d  s e t  o f  d i r e c t i o n s .  The s c o r in g  sy stem  d ev e lo p ed  by Gorham 
was u t i l i z e d .
Word F lu en cy : T h is  t e s t  i s  a  m easu re  o f  a  s u b j e c t 's  a b i l i t y  a t
v e r b a l  a s s o c i a t i o n ,  r e q u i r in g  th e  s u b je c t  t o  w r i t e  a s  many words 
b e g in n in g  w ith  a  s p e c i f i e d  l e t t e r  a s  p o s s ib le  in  two m in u te s  t im e .
T h ree  a l t e r n a t e  form s ( th e  l e t t e r s  H, B, C) w ere a d m in is te r e d ,  one a t  
e a c h  s e s s io n .  T h is  t e s t  fo rm s p a r t  o f  th e  r e p e a ta b le  b a t t e r y  d ev e lo p ed  
by R enn ick  (1 9 7 4 ).
C o lo r Naming; "C o lo r Naming i s  a  tim e  m easurem ent o f  th e  maximum 
r e p e t i t i v e  p e rfo rm an ce  speed  o f  an e le m e n ta ry  lan g u ag e  f u n c t io n .  
S u b je c ts  w ere p r e s e n te d  w ith  48 s u c c e s s iv e  p a t t e r n s  o f  s e t s  o f  fo u r  
c o lo r e d  c i r c l e s  ( re d , g re e n , o r  b lu e )  in  a  h o r i z o n ta l  l i n e ,  and w ere 
ask ed  t o  name th e  f o u r  c o lo r s  a s  q u ic k ly  a s  p o s s i b l e .  T o ta l  tim e  and
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v a r io u s  naming e r r o r s  a r e  s c o r e d ."  (Adams e t  a l . ,  1975). A two page 
p r a c t i c e  t r i a l  was u t i l i z e d  to  e l im in a te  any c o n fu s io n  a s  re g a rd s  
th e  r e q u ire m e n ts  o f  th e  t a s k  and to  f a c i l l i t a t e  th e  a t ta in m e n t o f  a  
s t a b l e  th r e s h o ld  o f  re s p o n d in g . T h is  t e s t  form s p a r t  o f  th e  R ennick 
(1974) r e p e a ta b le  b a t t e r y  and  was a d m in is te re d  once a t  each  t e s t  
s e s s io n .
Q uick T e s t : (Ammons & Ammons, 1 9 6 2 .) T h is  i s  a  s ta n d a rd iz e d
i n d iv id u a l  i n t e l l i g e n c e  t e s t  i n  t h r e e  e q u iv a le n t  form s p r im a r i ly  
ta p p in g  v e r b a l  com prehension  and  v i s u a l  s e a rc h  s k i l l s .  One form  was 
a d m in is te re d  a t  e a c h  t e s t  s e s s io n .  T hree p l a t e s ,  each  w ith  fo u r  l i n e  
d raw in g s  on i t ,  w ere u s e d , one p l a t e  f o r  each  o f  th e  th r e e  f i f t y  item  
fo rm s . The t e s t e r  had th e  t e s t e e  i n d i c a t e  w hich  o f  th e  fo u r  d raw in g s 
on a  p l a t e  b e s t  i l l u s t r a t e d  th e  m eaning o f  a  g iv e n  w ord. Answers 
w ere u s u a l ly  g iv e n  by p o in t in g .  C o r r e la t io n s  betw een  th e  Quick T e s t  
( a l l  form s) and th e  F u l l  S c a le  WAIS**, V e rb a l WAIS**, P erfo rm ance  
WAIS* and v o c a b u la ry  s u b te s t*  w ere a l l  s i g n i f i c a n t  (* = p < .0 5 ,
** = p < .0 1 ) .  (O g ilv ie ,  1965 .)
S tr e n g th  o f  G rip : The Sm edley Hand Dynamometer was u sed  to
m easure  m oto r s t r e n g th  o f  th e  u p p e r  e x t r e m i t i e s .  The s u b je c t  was 
r e q u i r e d  t o  sq u eeze  th e  dynom cm eter two tim e s  w i th  h i s / h e r  dom inant 
hand and two tim e s  w ith  h i s / h e r  non-dom inan t h and , a l t e r n a t i n g  betw een  
hands on each  t r i a l .  The mean p r e s s u r e  w hich was e x e r te d  on th e  two 
t r i a l s  was re c o rd e d  i n  pounds f o r  each  h an d . I f  th e  d i f f e r e n c e  betw een  
t r i a l s  was g r e a t e r  th a n  22 pounds f o r  th e  same hand, f u r t h e r  t r i a l s  w ere 
a d m in is te re d  u n t i l  th e  d i f f e r e n c e  was 8 .8  pounds o r  l e s s .  Com plete
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d i r e c t i o n s  a p p ea r i n  R e i ta n  (1 9 6 9 ). The t e s t  form s p a r t  o f  th e  
R ennick  (1974) r e p e a ta b le  b a t t e r y  and was a d m in is te r e d  a t  each  
t e s t  s e s s io n .
F in g e r  T app ing : T h is  t e s t  i s  a  speeded  m otor t a s k  r e q u i r in g
p la n n in g  and m o to r c o o r d in a t io n  a s  th e  s u b je c t  c o n tin u o u s ly  ta p s  
on an  a p p a ra tu s  s im i l a r  t o  a  te le g r a p h  k e y : F o r f in g e r  ta p p in g  th e
s u b je c t  u se d  a l t e r n a t e l y  th e  in d e x  f in g e r  o f  thef dom inan t and non-dom inan t 
hand . The s u b je c t  was g iv e n  5 t r i a l s  o f  10 seco n d s e a c h  f o r  each  
h an d . The s c o re  was t h e  mean f o r  4 c o n s e c u tiv e  v a l i d  t r i a l s  ( i . e . ,  
t r i a l s  w hich d id  n o t  d e v ia te  by more th a n  5 ta p s )  . S u b je c ts  w ere 
g iv e n  a  p r a c t i c e  p e r io d  in  w hich  t o  become f a m i l i a r  w ith  th e  t a s k  
and re a c h  s t a b l e  th r e s h o ld s ,  th e re b y  m in im iz in g  p o s s ib l e  p r a c t i c e  
e f f e c t s .  The s u b je c t  was a sk ed  to  t a p  30 tim e s  w ith  each  hand d u r in g  
t h i s  p r a c t i c e  p e r io d .  The t e s t  was a d m in is te r e d  in  i t s  e n t i r e t y ,  once 
a t  each  t e s t  s e s s io n .  To m in im ize  f a t ig u e  e f f e c t s  a  r e s t  p e r io d  o f  
30 seco n d s was g iv e n  a f t e r  e a c h  t r i a l .  T h is  t e s t  i s  d e s c r ib e d  by 
R e ita n  (1969) and form s p a r t  o f  th e  R ennick (1974) r e p e a ta b le  b a t t e r y .
G rooved P eg b o ard : T h is  i s  a  sp eed ed  m easu re  o f  v is u a l -m o to r
c o o r d in a t io n  and s p a t i a l  o r i e n t a t i o n .  S u b je c ts  w ere r e q u i r e d  to  f i t  
25 k ey h o ld  shaped p eg s  i n t o  s i m i l a r l y  shaped  h o le s  on a  4 in c h  by 4 
in c h  b o a rd  b e g in n in g  a t  th e  l e f t  s id e  w ith  th e  r i g h t  hand and  a t  th e  
r i g h t  s id e  w ith  th e  l e f t  h an d . S u b je c ts  w ere u rg e d  t o  f i t  in  a l l  
p e g s  a s  r a p id ly  a s  p o s s i b l e .  S u b je c ts  p e rfo rm ed  one t r i a l  w ith  th e  
dom inan t hand fo llo w e d  by  one t r i a l  w ith  th e  n o n -dom inan t h and . The 
s c o re s  o b ta in e d  w ere th e  l e n g th  o f  t im e  r e q u i r e d  to  co m p le te  th e  t a s k
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w ith  each  hand, and th e  t o t a l  number o f  t im e s  th e  p eg s  w ere dropped 
w ith  each  h an d . A tim e  l i m i t  o f  fo u r  m in u te s  p e r  hand was im posed.
The tim e  r e q u i r e d  f o r  each  s u b je c t  t o  remove th e  pegs was a l s o  r e ­
c o rd e d . A p r a c t i c e  t r i a l ,  d u r in g  w hich tim e  s u b je c ts  b o th  f a m i l i a r i z e  
th e m se lv e s  w ith  th e  t a s k  and r e a c h  a  s t a b l e  th r e s h o ld  was c a r r i e d  o u t .
T h is  c o n s is te d  o f  f i l l i n g  in  th e  f i r s t  t h r e e  rows o f  th e  p eg b o ard .
T h is  t e s t  i s  d e s c r ib e d  in  K love (1963) and form s p a r t  o f  th e  R ennick  
(1974) r e p e a ta b le  b a t t e r y .  Grooved P egboard  was a d m in is te re d  o n ce  a t  
each  t e s t  s e s s io n .
D ig i t  Symbol; T h is  i s  a  s u b te s t  o f  th e  W echsler A d u lt I n t e l l i ­
g ence  S c a le  (W echsler, 1 9 5 5 ) . I t  i s  a  com plex v is u a l-m o to r  p erfo rm an ce  
t a s k  w hich  has  com ponents o f  m oto r sp e e d , v is u a l - m o to r  c o o r d in a t io n ,  
v i s u a l  memory, p la n n in g  and symbol p r o c e s s in g .  T h ree  form s o f  th e  
D ig i t  %mbol s u b te s t  w ere u t i l i z e d  t o  m in im ize  p r a c t i c e  e f f e c t s .  The 
D ig it  Symbol t e s t  i s  p a r t  o f  th e  R enn ick  (1974) r e p e a ta b le  t e s t  b a t t e r y .
D i g i t  Span: T h is  i s  a  s u b te s t  o f  th e  W echsler A d u lt I n t e l l i g e n c e
S c a le  (W echsler, 1955) a d a p te d  by R enn ick  (1974) a s  p a r t  o f  h i s  r e p e a t -  
a b le  b a t t e r y .  I t  i s  a  m easure o f  s h o r t - te r m  r o t e  memory, m e n ta l m ani­
p u l a t i o n  o f sym bols, a t t e n t i o n  and c o n c e n t r a t io n  s k i l l s .  Each s u b je c t  
was r e a d  one s e r i e s  o f  num bers a t  a tim e , commencing w ith  a  s h o r t  s e r i e s  
o f  t h r e e  num bers, g r a d u a l ly  p r o g re s s in g  to  a  lo n g e r  s e r i e s  o f  up to  
n in e  num bers. A f te r  each  s e r i e s  was re a d , th e  s u b j e c t 's  t a s k  was to  
r e p e a t  th e  s e r i e s  in  th e  o rd e r  p r e s e n te d  by th e  ex am in er. On th e  second 
p a r t  o f  th e  t e s t  th e  s u b je c t  was r e a d  o th e r  s e r i e s  o f  num bers ( s t a r t i n g  
w i th  a  s e r i e s  o f  2 num bers and  p r o g r e s s in g  t o  a  s e r i e s  o f  e i g h t  num bers) .
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H ere th e  s u b j e c t 's  t a s k  was t o  r e p e a t  th e  num bers in  each  s e r i e s  in  
r e v e r s e  o r d e r ,  im m ed ia te ly  a f t e r  each  s e r i e s  was p r e s e n te d  by th e  
ex am in e r. A l te r n a te  form s o f  th e  t e s t  w ere used  t o  p r e v e n t  p r a c t i c e  
e f f e c t s .  S u b je c ts  w ere g iv e n  a p r a c t i c e  t r i a l  a t  each  a d m in is t r a t io n  
to  f a m i l i a r i z e  th e m se lv e s  w ith  th e  t a s k .
B enton V is u a l R e te n tio n  T e s t (R e v ise d ) : "The R ev ised  V isu a l
R e te n t io n  T e s t  i s  a  c l i n i c a l  and r e s e a r c h  in s tru m e n t d e s ig n e d  to  a s s e s s  
v i s u a l  p e r c e p t io n ,  v i s u a l  memory and v i s u o c o n s t r u c t iv e  a b i l i t i e s .  T hree  
d raw ing  form s o f  th e  T e s t  (Forms C, D, E) c o n s i s t  o f  10 d e s ig n s  ea c h , 
upon w hich one o r  more f ig u r e s  have been  draw n. R e te s t  r e l i a b i l i t y  f o r  
A d m in is t r a t io n  A (10 seco n d s e x p o su re  w ith  im m ediate  r e p r o d u c t io n ) , a s  
e s t im a te d  by  th e  c o r r e l a t i o n  c o e f f i c i e n t s  betw een  e q u iv a le n t  fo rm s, h as  
b een  found t o  be  a p p ro x im a te ly  .9 5 ."  (B enton , 1963, p . 1) One form  
was a d m in is te r e d  a t  e ach  t e s t  s e s s io n .  A d m in is t r a t io n  B (5 seco n d s 
ex p o su re  w ith  im m ediate  r e p ro d u c tio n )  was u t i l i z e d .
Speech Sounds P e rc e p t io n  T e s t ;  On t h i s  t a s k  th e  s u b je c t  m atched 
a  spoken n o n sen se  word w ith  th e  i d e n t i c a l  word p re s e n te d  among a g roup  
o f  f o u r  w r i t t e n  n o n sen se  w o rd s . The d o u b le  v o w el, e e , was in  th e  
m id d le  p a r t  o f  e v e ry  word sp o k en . Thus, th e  s u b je c t  had  t o  key t o  th e  
c o n so n an t o r  co m b in a tio n  o f c o n so n a n ts  a t  th e  b e g in n in g  and  end o f  
each  word and  r e l a t e  th e  a u d i to r y  p e r c e p t io n  v i s u a l l y  by id e n t i f y in g  
th e  c o r r e c t  p r in t e d  n o n sen se  w ord. The t e s t  was p la y e d  from a ta p e  
r e c o r d e r  w ith  t h e  i n t e n s i t y  o f  sound a d ju s te d  to  th e  s u b j e c t 's  p r e f ­
e r e n c e .  (R e ita n , 1969 .)
To make t h i s  in to  a  r e p e a ta b le  t e s t  I  lo o k ed  a t  th e  f i l e s  o f
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tw e n ty -n in e  p a t i e n t s  a d m in is te re d  s e r i e s  A-F o f  th e  Speech Sounds 
P e rc e p tio n  T e s t  and b ro k e  down t h e i r  p e rfo rm an ce  in to  t h e i r  s c o re s  
on s e r i e s  A+B, C+D, E+F. A t - t e s t  was th e n  p e rfo rm ed  t o  d e te rm in e  
i f  t h e r e  was a  s ig n i f i c a n t  d i f f e r e n c e  betw een  th e  mean p erfo rm an ces  
on s e r i e s  AB and CD, AB and EF and CD and EF. No s i g n i f i c a n t  d i f ­
f e re n c e s  w ere fo u n d . Thus, a t  each  a d m in is t r a t io n ,  d i f f e r e n t  s e r i e s  
c o n s i s t in g  o f tw en ty  t e s t  i te m s  (AB, CD, o r  EF) w ere a d m in is te re d .
T ra ilm a k in g  T e s t  ( P a r t s  A & B ): The T ra ilm a k in g  T e s t  a s s e s s e s
v i s u a l  s c a n n in g , v i s u a l  s e q u e n c in g , v is u a l - m o to r  c o o rd in a t io n  and 
m ost im p o r ta n t ly  ( in  T r a i l s  B) th e  a b i l i t y  t o  s w itc h  S e t .  I n  T r a i l s ;  A 
th e  s u b je c t  was r e q u i r e d  to  c o n n e c t tw e n ty - f iv e  c i r c l e s  (numbered 1-25) 
i n  n u m e ric a l o rd e r  by t r a c i n g  a  l i n e .  The c i r c l e s  w ere 1 /2  in c h  in  
d ia m e te r  and w ere s c a t t e r e d  somewhat random ly  on a  b la n k  8 1 /2  x 11 
s h e e t  o f  w h ite  p a p e r  a r r a n g e d  so  t h a t  no l i n e  c r o s s in g  needed to  o ccu r 
as  th e  s u b je c t  c o n n e c te d  th e  c i r c l e s .  E r r o r s  w ere  s c o re d  i f  th e  s u b je c t  
a t te m p te d  t o  draw  h i s  l i n e  to  a  c i r c l e  o u t  o f  s e q u e n c e . Time re c o rd e d  
was th e  t o t a l  tim e  t o  co m p le te  th e  t a s k  c o r r e c t l y  w ith  th e  exam iner 
h av in g  p o in te d  o u t  e r r o r s  a s  th e  s u b je c t  w orked on th e  t a s k .  In  p a r t  B 
(g iv e n  a f t e r  p a r t  A) th e  s u b je c t  was r e q u i r e d  to  c o n n e c t t h i r t e e n  numbered 
c i r c l e s  (1-13) and  tw e lv e  l e t t e r e d  c i r c l e s  (A-L) in  t h e  fo llo w in g  
m anner: 1-A, 2-B , 3-C , 4-D, e t c .  E r r o r s  and tim e  re c o rd e d  w ere th e
same a s  i n  P a r t  A. The same fo rm  f o r  T r a i l s  A was u se d  on a l l  th r e e  
d a y s . T r a i l s  B had t h r e e  a l t e r n a t e  fo rm s . T r a i l s  A and B form  p a r t  
o f  th e  R enn ick  R e p e a ta b le  N e u ro p sy c h o lo g ic a l T e s t  B a t te r y  (R enn ick ,
1 9 7 4 ) . S ta n d a rd  p r a c t i c e  t r i a l s  w ere a d m in is te r e d  t o  f a m i l i a r  i r e  th e
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s u b je c t  w ith  th e  t a s k .
S eash o re  Rhythm: T h is  i s  a  s u b te s t  o f  th e  S eash o re  T e s ts  o f
M u sica l T a le n t .  The s u b je c t  m ust d i f f e r e n t i a t e  betw een  30 p a i r s  o f  
rh y th m ic  b e a ts  w hich a r e  som etim es th e  same and som etim es d i f f e r e n t .
T h is  t e s t  ta p s  a l e r t n e s s ,  s u s ta in e d  a u d i to r y  a t t e n t i o n ,  and th e  
a b i l i t y  to  p e r c e iv e  and com pare d i f f e r e n t  rh y th m ic  se q u e n c e s . No 
a l t e r n a t e  fo rm s o f  t h i s  t e s t  w ere a v a i l a b l e .  I n  o rd e r  t o  f a m i l i a r i z e  
s u b je c ts  w ith  th e  ta s k ,  a  p r a c t i c e  t r i a l  was in c lu d e d  a t  each  ad m in is ­
t r a t i o n .  C om plete i n s t r u c t i o n s  a r e  in  R e ita n  (1 9 6 9 ).
C hoice R e a c tio n  Time T e s t : T h is  i s  a  speeded  t e s t  o f  v i s u a l
d i s c r im in a t io n ,  v is u a l -m o to r  p la n n in g  and  v is u a l - m o to r  c o o r d in a t io n .  
S u b je c ts  w ere r e q u ir e d  to  d i f f e r e n t i a t e  betw een  th e  c o lo r s  r e d  and n o t  
r e d  (as  th e y  a r e  f la s h e d  on a s c re e n ) , by  p u sh in g  a  r e d  b u t to n  i f  th e  
c o lo r  was re d  and a  w h ite  b u t to n  i f  th e  c o lo r  .was o th e r  th a n  r e d . The 
s u b je c t  was g iv e n  8 p r a c t i c e  t r i a l s  a t  each  a d m in is t r a t io n  to  f a c i l l i t a t e  
b o th  f a m i l i a r i t y  w ith  th e  t a s k  and th e  re a c h in g  o f  s t a b l e  th r e s h o ld ,  
th e re b y  m in im iz in g  p o s s ib l e  p r a c t i c e  e f f e c t s .  T hree p rog ram s w ere 
a d m in is te re d ,  one a t  each  t e s t  s e s s io n .  C om plete i n s t r u c t i o n s  f o r  
a d m in is t r a t io n  a r e  in c lu d e d  in  th e  N a tio n a l C o o p e ra tiv e  D ia ly s i s  S tudy  
P ro c e d u re s  M anual, S e c t io n  V I, p .  3 .1 .
S u b je c t iv e  R a tin g  S c a le '; T h is  i s  a  s u b je c t iv e  r a t i n g  s c a le  
d e v e lo p e d  s p e c i f i c a l l y  f o r  t h i s  s tu d y . A t Do, D and D s u b je c ts  
f i l l e d  o u t  th e  same tw e n ty -o n e  ite m  r a t i n g  s c a le  i n v e s t i g a t i n g  such  
f a c t o r s  a s  c l a r i t y  o f  th in k in g ,  mood s t a t e ,  p h y s ic a l  s t a t e ,  e t c .  The 
a c tu a l  r a t i n g  form  a p p e a rs  in  A ppendix F . An in d ex  o f  s u b je c t iv e
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d is c o m fo r t ,  an a d d i t i v e  sum o f  th e  r a t in g s  f o r  e ac h  e lem en t o f  th e  
S u b je c t iv e  R a tin g  S c a le ,  was c a lc u la te d  f o r  each  s e p a r a te  a d m in is ­
t r a t i o n  .
T e s t  A d m in is t r a t io n
Each s u b je c t  r e c e iv e d  th e  above t e s t  b a t t e r y  t h r e e  tim es a c c o rd ­
in g  t o  a  s p e c i f i e d  s c h e d u le .  S u b je c ts  u t i l i z e d  in  t h i s  s tu d y  w ere on 
a  t h r e e  tim e s/w e ek  reg im en  o f  h e m o d ia ly s is .  A l l  s u b je c ts  w ere d ia ly z e d  
on Monday, W ednesday and F r id a y  o r  T uesday , T h u rsd ay  and S a tu rd a y .
S u b je c ts  d ia ly z e d  on Monday, W ednesday and F r id a y  r e c e iv e d  th e  b a t t e r y  
on W ednesday, T h u rsd ay  and F r id a y .  These s u b je c ts  w ere asked  to  come 
t o  t h e  d i a l y s i s  c e n te r  f o r  p s y c h o lo g ic a l  t e s t i n g  two h o u rs  p r i o r  t o  
t h e i r  r e g u l a r l y  s c h e d u le d  d i a l y s e s  (Wednesday and F r id a y ) . On th e  day  
in  betw een  t h e i r  d i a l y s e s  (T hursday), s u b je c ts  came in  f o r  p s y c h o lo g ic a l  
t e s t i n g  a p p ro x im a te ly  tw en ty  h o u rs  a f t e r  th e  end o f  t h e i r  Wednesday 
d i a l y s i s .  (A p e r io d  o f  tw en ty  h o u rs  was ch o sen  t o  a llo w  tim e  f o r  d i s ­
e q u i l ib r iu m  e f f e c t s  t o  w ear o f f  and to  p ro v id e  s u b je c ts  w ith  a  tim e o f  
r e l a t i v e  c o n v en ien ce  f o r  p s y c h o lo g ic a l  t e s t i n g . )  S u b je c ts  d ia ly z e d  on 
T u esd ay , T h u rsd ay  and S a tu rd a y  r e c e iv e d  th e  above b a t t e r y  on T h u rsd ay , 
F r id a y  and S a tu rd a y . S u b je c ts  w ere a sk ed  t o  cane  t o  th e  d i a l y s i s  
c e n t e r  f o r  p s y c h o lo g ic a l  t e s t i n g  two h o u rs  p r i o r  to  t h e i r  r e g u la r ly  
sch e d u le d  d i a l y s e s  (T hursday  and S a tu r d a y ) . On th e  day  in  betw een 
t h e i r  d i a ly s e s  (F rid a y )  s u b je c t s  came i n  f o r  p s y c h o lo g ic a l  t e s t i n g  ap p ro x ­
im a te ly  tw e n ty  h o u rs  a f t e r  th e  end o f  t h e i r  T h ursday  d i a l y s i s  ( f o r  
th e  same re a s o n s  o u t l in e d  a b o v e ) . Monday, W ednesday, F r id a y  s u b je c ts
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and  T uesday , T h u rsd ay , S a tu rd a y  s u b je c ts  w ere t e s t e d  on W ednesday, 
T h u rsd ay , and F r id a y , and T h u rsd ay , F r id a y ,  S a tu rd a y , r e s p e c t iv e ly  
t o  in s u r e  t h a t  th e  number o f  h o u rs  e la p s e d  s in c e  t h e i r  l a s t  d i a l y s i s  
was h e ld  c o n s ta n t  f o r  each  p r e - d i a l y s i s  t e s t i n g .  In  o th e r  w o rd s* a t 
each  p r e - d i a l y s i s  t e s t i n g  th e  t im e  e la p s e d  s in c e  th e  l a s t  h e m o d ia ly s is  
t r e a tm e n t  was th e  sam e.
Each s u b je c t  was t e s t e d  a t  a p p ro x im a te ly  th e  same tim e  each  day 
t o  c o n t r o l  f o r  v a r i a t i o n s  i n  p e rfo rm an ce  due t o  p o s s ib le  d iu r n a l  e f f e c t s .  
A sc h e m a tic  summary o f  th e  sc h e d u le  f o r  p s y c h o lo g ic a l  t e s t i n g  fo llo w s  in  
F ig u re  I .
The o rd e r  o f  a d m in is t r a t io n  o f  p s y c h o lo g ic a l  t e s t s  was in c o m p le te ly  
c o u n te rb a la n c e d  to  p r e v e n t  o r d e r  e f f e c t s .  Com plete c o u n te rb a la n c in g  was 
n o t  p o s s ib le  due t o  th e  number o f  t e s t s  and s u b je c t s .  In  o r d e r  to  keep  
p r a c t i c e  e f f e c t s  a t  a minimum,, p a r a l l e l  form s o f  t e s t s  w ere u t i l i z e d  f o r  
th e  m a jo r i ty  o f  t e s t  in s t r u m e n ts .  (See " D e s c r ip t io n  o f  P s y c h o lo g ic a l  
T e s t s " . )  The o r d e r  o f  p a r a l l e l  form a d m in is t r a t io n  was random ized t o  
p r e v e n t  o rd e r  e f f e c t s .  P r a c t i c e  t r i a l s  w ere a d m in is te re d  a s  o u t l in e d  
in  th e  " D e s c r ip t io n  o f  P s y c h o lo g ic a l  T e s ts "  to  in s u r e  t h a t  th e  f i r s t  
p r e - d i a l y s i s  t e s t i n g  d id  n o t  r e f l e c t  b o th  th e  s u b j e c t ' s la c k  o f  f a m i l i a r ­
i t y  w ith  th e  t a s k  and a  l e s s  th a n  s t a b l e  th r e s h o ld .
Blood Sam pling and  A n a ly se s
Blood sam ples w ere drawn a t  each  t e s t i n g  s e s s io n .  To in s u r e  t h a t  
serum  v a lu e s  m ost n e a r ly  ap p ro x im a ted  e x i s t i n g  v a lu e s  a t  th e  tim e  o f  
p s y c h o lo g ic a l  t e s t i n g ,  b lo o d  sam ples w ere ta k e n  a c c o rd in g  t o  th e  fo llo w -
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Hemo­
d i a l y s i s
P r e -d ia ly s i s  Testing
(n2)
Just  prior to  d i a l y s i s
P o s t - d i a l y s i s  Testinq  
(Di)
20 hrs. p o s t - d ia l y s i s
P r e -d ia ly s i s  Test ing  
(Do)
J u s t  prior to  d i a l y s i s
M,W,F Subjects: V/ednesday Wednesday Thursday Friday
T,Th,S Subjects: Thursday Thursday Friday Saturday
Figure I: Schedule For Psychological Testing
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in g  s c h e d u le : On d i a l y s i s  day s  s u b je c ts  had b lo o d  sam ples drawn w h ile
b e in g  s e t  up on th e  m achine ( im m ed ia te ly  a f t e r  t e s t i n g )  in  o rd e r  t h a t  
s u b je c ts  d id  n o t have to  be  p u n c tu re d  s p e c i a l ly  f o r  t h i s  s tu d y . On 
th e  day  in  betw een  d ia ly s e s  b lo o d  sam ples w ere draw n a t  th e  c u lm in a tio n  
o f  p s y c h o lo g ic a l  t e s t i n g .  Serum m easu res in c lu d e d : 1) U rea N itro g e n ,
2) C r e a t in in e ,  3) Sodium, 4) P o ta ss iu m , 5) C h lo r id e , 6) Carbon d io x id e ,
7) C alcium , and 8) Serum am ines (d im eth y lam in e , t r im e th y la m in e ) . Serum 
am ine a n a ly s e s  w ere p erfo rm ed  by  D r. M. S im en h o ff, a  n e p h r o lo g is t  a t  
J e f f e r s o n  M edical C o lle g e . B lood sam ples were flow n to  him  f o r  a n a ly s i s .  
A l l  o th e r  serum  a n a ly s e s  w ere p erfo rm ed  a t  Henry F o rd  H o s p ita l  l a b o r a to ry  
f a c i l i t i e s .
H ypotheses
P r io r  s tu d ie s  (Teschan e t  a l . ,  1974; S pehr e t  a l . ,  1977) u t i l i z e d  
an  e x p e r im e n ta l  d e s ig n  s im i l a r  t o  t h a t  em ployed in  th e  p r e s e n t  s tu d y .  A 
s i g n i f i c a n t  im provem ent i n  m axim al ta p p in g  sp eed  (Spehr e t  a l . )  and 
a u d i to r y  s h o r t  te rm  memory (Teschan e t  a l . )  was found when s u b j e c t 's  
p o s t - d i a l y s i s  t e s t  s c o re s  (D^) w ere com pared t o  t h e i r  p r e - d i a l y s i s  t e s t  
s c o re s  (DO). T eschan  e t  a l . found a s i g n i f i c a n t  r e g r e s s io n  on a ta s k  
m easu rin g  a u d i to r y  s h o r t  te rm  memory when s u b je c t s '  second p r e - d i a l y s i s  
t e s t  r e s u l t s  (D2) w ere com pared t o  t h e i r  p o s t - d i a l y s i s  (D ^ t e s t  
r e s u l t s .  A d d i t io n a l ly ,  Spehr e t  a l .  found t h a t  v i s u a l  d i s c r im in a t io n  
and memory im proved a f t e r  d i a l y s i s  p a r a l l e l  to  th e  d e c re a se  in  BUN, 
c r e a t i n i n e  and p o ta s s iu m . A l l  s u b je c ts  w ere on lo n g  te rm  m a in ten an ce  
h e m o d ia ly s is  a t  th e  tim e  o f  t e s t i n g .
W ith  th e  e x c e p tio n  o f  F in g e r  T apping  T e s t ,  th e  t e s t  in s tru m e n ts
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em ployed i n  th e  p r e s e n t  s tu d y  w ere  s u f f i c i e n t l y  u n l ik e  th e  in s tru m e n ts  
em ployed i n  S p eh r e t  a l . ,  and T eschan  e t  a l . ,  t h a t  p r e d i c t io n s  b ased  
upon t h e  s i m i l a r i t y  o f  in s t ru m e n ts  w ould b e  q u e s t io n a b le .  F o r exam ple 
C ho ice  R e a c tio n  Tim e, a l th o u g h  m easu rin g  v i s u a l  d i s c r im in a t io n  and 
v i s u a l  memory, a l s o  h a s  a  v is u a l - m o to r  com ponent w hich  makes i t  s i g ­
n i f i c a n t l y  d i f f e r e n t  th a n  th e  t a c h i s to s c o p ic  in s tru m e n t u t i l i z e d  by 
Spehr e t  a l . ,  a b o v e . S im i la r  a rg u m en ts  may be  fo rm u la te d  f o r  th e  
r e l a t i o n s h i p  b e tw een  th e  A u d ito ry  S h o r t  Term Memory T ask  (Teschan e t  
a l . )  and  th e  Speech  Sounds P e rc e p t io n  T e s t .  T hus, th e  one p r e d i c t io n  
w hich  may b e  s o l i d l y  made b a se d  upon p r i o r  r e s e a r c h  i s  t h a t  when p r e ­
d i a l y s i s  (Do) t e s t  s c o re s  on F in g e r  T app ing  a r e  com pared to  p o s t ­
d i a l y s i s  (D^) and p r e - d i a l y s i s  (D2) p e rfo rm a n c e , a  s i g n i f i c a n t  im prove­
m en t, fo llo w e d  b y  a  s i g n i f i c a n t  r e g r e s s io n  r e s p e c t i v e l y  w i l l  b e  e x p e c te d . 
No s i g n i f i c a n t  d i f f e r e n c e  b e tw een  mean s c o re s  a t  Do and D2 i s  l i k e l y  t o  
be o b s e rv e d .
T h is  s tu d y  ta k e s  on an  e x p lo r a to r y  n a tu r e  when th e  o th e r  m easu res  
em ployed i n  t h i s  s tu d y  a r e  c o n s id e re d .  W hether s u b -n o rm a tiv e  p e rfo rm an ce  
w i l l  b e  o b se rv e d  on i n i t i a l  p r e - d i a l y s i s  t e s t i n g  i s  open  to  q u e s t io n .
I f  c o g n i t i v e  and s e n so ry -m o to r  d y s fu n c t io n  i s  o b s e rv e d , w h eth er th e  
im provem ents in  b io c h e m is try  due t o  h e m o d ia ly s is  w i l l  b e  s u f f i c i e n t  to  
c a u se  a  s i g n i f i c a n t  im provem ent i n  c o g n i t iv e  and s e n so ry -m o to r  fu n c t io n in g  
i s  d i f f i c u l t  t o  d e te rm in e  in  o th e r  th a n  a  s p e c u la t iv e  m anner.
As r e g a rd s  p r e d i c t i o n s  o f  p o s s ib l e  s i g n i f i c a n t  c o r r e l a t i o n s  be tw een  
s p e c i f i c  p lasm a v a lu e s  and t e s t  p e rfo rm an ce  a t  Do, D^, D2, th e  l i t e r a t u r e  
s u p p o r ts  a  s i g n i f i c a n t  c o r r e l a t i o n  b e tw een  l e v e l s  o f  serum  c r e a t i n i n e
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and p e rfo rm an ce  on a  v i s u a l  d i s c r im in a t io n  le a r n in g  t a s k  (p re  and p o s t ­
d i a l y s i s  (M cD aniel, 1 9 7 1 ), on th e  T ra ilm a k in g  T e s t  ( in  azo tem ic  
p a t i e n t s )  and on th e  answ er r e c o g n i t io n  t e s t  ( in  a z o tem ic  p a t i e n t s  
b e g in n in g  d i a l y s i s )  (T eschan  e t  a l . ,  1974; G inn , 1 9 7 5 ), a l l  d e s c r ib e d  
p r e v io u s ly .  A d d i t io n a l ly ,  a  s i g n i f i c a n t  c o r r e l a t i o n  betw een  p e rfo rm a n ce  
on a  v i s u a l  d i s c r im in a t io n  l e a r n in g  t a s k  (p re  and p o s t - d i a l y s i s )  and 
p lasm a  c o n c e n t r a t io n s  o f  p o ta ss iu m  was n o te d  by  M cD aniel (1971) . T hus, 
b a se d  on p r i o r  r e s e a r c h  f in d in g s ,  th e  b lo o d  v a r i a b l e s  h av in g  th e  g r e a t e s t  
p r o b a b i l i t y  o f  a  s t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n  w ith  t e s t  p e rfo rm ­
ance  (p re ,  p o s t ,  o r  p r e - d i a l y s i s )  a r e  c r e a t i n i n e  and p o ta s s iu m .
S t a t i s t i c s
The mean, s ta n d a rd  d e v ia t io n  and ra n g e  w ere c a l c u l a t e d  f o r  each  
c o g n i t i v e ,  s e n so ry -m o to r  and serum  m easu re . The d i a l y s i s  group's mean 
p e rfo rm a n c e  f o r  each  t e s t  m easu re  was com pared w i th  a v a i l a b l e  norms f o r  
a  no rm al sam p le . The m ean, s ta n d a rd  d e v ia t i o n  and ra n g e  w ere a l s o  
c a l c u l a t e d  f o r  e ac h  in d e p e n d e n t v a r i a b l e  (a g e , e d u c a t io n ,  tim e  on 
d i a l y s i s ) . A one f a c t o r  a n a ly s i s  o f  v a r ia n c e  w ith  r e p e a te d  m easu res  
(20 s u b je c t s  e ac h  t e s t e d  r e p e a te d ly  on a  s e r i e s  o f  c o g n i t iv e ,  s e n s o ry -  
m o to r, serum  and s u b je c t iv e  r a t i n g  s c a l e  m e a su re s  o v e r  3 d a y s , Do, D^ 
and D^) was p e rfo rm ed  t o  d e te rm in e  i f  s i g n i f i c a n t  d i f f e r e n c e s  in  
c o g n i t i v e  and s e n so ry -m o to r  t e s t  p e rfo rm a n c e , s u b je c t  r a t i n g  s c a le  
m e a su re s , and l e v e l s  o f  serum  c h e m is try  o c c u r re d  a c ro s s  th e  fo llo w in g  
t h r e e  d ay  p a i r  c o m p a riso n s : D o-D ., D -D , Do-D . The fo rm a t f o r  th e
J .  X  &  JL
a n a ly s e s  o f  v a r ia n c e  fo llo w s  below :
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C l a s s i f i c a t i o n  V a r ia b le s  L e v e ls
Day 3
S u b je c ts  20
T e s t  ® Day, E r r o r  = D ay * S u b jec ts
S ource  DF
Day 2
S u b je c ts  19
D ay * S u b jec ts  38
F or each  m easu re  i n  w hich th e r e  was a s i g n i f i c a n t  d i f f e r e n c e  betw een
means on a t  l e a s t  one day p a i r  (Do-D^, D^ “D2 '  Do“D2\  t i^e Duncan
M u lt ip le  Range T e s t  was em ployed t o  i d e n t i f y  on w hich  d ay  p a i r ( s )
th e  s i g n i f i c a n t  d i f f e r e n c e  betw een  m eans o c c u r re d .
The fo llo w in g  c o r r e l a t i o n  m a t r ic e s  u t i l i z i n g  th e  P e a rso n  P ro d u c t
Moment C o e f f i c i e n t  ( r)  w ere c a l c u l a t e d :  1) Each c o g n i t iv e ,  s e n s o ry -
m otor m easu re  w i th  e a c h  serum  m easure , s e p a r a t e l y  f o r  Do, D^ and D2 •
2) D if f e r e n c e  s c o re s  f o r  e ach  c o g n i t i v e  and s e n so ry -m o to r  m easure
w ith  d i f f e r e n c e  s c o re s  f o r  e a c h  serum  m e a su re . (D if fe re n c e  s c o re s
w ere c a l c u l a t e d  a c c o rd in g  t o  th e  fo llo w in g  fo rm a t:  Do -D. , D -
XO x l  x l
D„ , Do —D_ . Do, D, and D_ have b e en  d e f in e d  p r e v io u s ly .
x2 x2 1 2
Xo, X I, and  X2 s ta n d  f o r  th e  v a lu e s  o f  a  g iv e n  m e a su re , th e  s u b s c r ip t s
o , 1 ,  2 n o t in g  w h e th e r  th e  m easu re  o c c u r re d  on Do, D ^, o r  D2) . 3)
A ge, e d u c a t io n ,  tim e  on d i a l y s i s  w ith  e ach  c o g n i t iv e  and s e n so ry -m o to r
V alu es  
0 , 1 , 2
1, 2 , 3 , 4 , 5 , 6, 7, 8 , 9, 
10, 11, 12 , 13, 14, 15, 16, 
17, 18 , 19, 20
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m easure s e p a r a t e ly  f o r  Do, D^, and 4) Each serum  m easu re  w ith
e v e ry  o th e r  serum  m e a s u re ^ s e p a ra te ly  on Do, D^ and 5) Each
in d e p e n d e n t m easu re  w ith  ev e ry  o th e r  in d e p e n d e n t m easu re . 6) Each 
c o g n i t i v e ,  s e n so ry -m o to r  m easu re  w ith  e v e ry  o th e r  c o g n i t iv e ,  s e n s o ry -  
m o to r m easure, s e p a r a te ly  on Do, D^ and
F i n a l l y ,  t h e  fo llo w in g  c o r r e l a t i o n  m a tr ic e s  u t i l i z i n g  th e  
Spearman C o r r e la t io n  C o e f f i c i e n t  w ere c a l c u l a t e d :  1) D isc o m fo rt in d e x
w ith  each  c o g n i t iv e ,  s e n so ry -m o to r  m e a s u re ^ s e p a ra te ly  on Do, D^ and 
2) D isc o m fo rt in d e x  w ith  e ach  e le m e n t o f  th e  S u b je c t iv e  R a tin g  S c a le ,  
s e p a r a t e l y  on Do, D^ and D^.
The r e s u l t s  o f  th e  above a n a ly s e s  fo llo w  in  th e  n e x t c h a p te r .
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CHAPTER III
RESULTS
I t  i s  im p o r ta n t  t h a t  th e  r e a d e r  b e a r  i n  m ind t h a t  th e  r e s u l t s  
and  c o n c lu s io n s  c i t e d  i n  th e  fo llo w in g  two c h a p te r s  a r e  b a se d  on a  
sam ple o f  lo n g  te rm  (x = 39 .7  m onths) s t a b l e  h e m o d ia ly s is  p a t i e n t s  
w i th  serum  c h e m is try  l e v e l s  on Do, and D2 a s  l i s t e d  in  T ab le  4 
b e lo w . R e s u l t s  m ig h t have b e e n  d i f f e r e n t  had  a  sam ple  o f  m e d ic a l ly  
u n s ta b le  d i a l y s i s  p a t i e n t s ,  o r  th o s e  w ith  serum  c h e m is try  l e v e l s  
s i g n i f i c a n t l y  i n  e x c e s s  o f  th e  v a lu e s  c i t e d  in  T a b le  4 b een  s u b je c t s  
i n  t h i s  s tu d y .  W ith t h i s  c a u t io n  in  mind a  p r e s e n ta t i o n  o f  r e s u l t s  
fo llo w s  b e lo w .
T a b le  3 l i s t s  th e  m ean, s ta n d a rd  d e v ia t i o n  and ra n g e  f o r  in d e ­
p e n d e n t v a r i a b l e s :  a g e ,  e d u c a t io n  and t im e  on d i a l y s i s .  A b ro a d
ra n g e  o f  a g e s  and  tim e  on d i a l y s i s  was r e p r e s e n te d .
T a b le  4 c o n ta in s  th e  m ean, s ta n d a rd  d e v ia t i o n  and  norm al v a lu e s  
f o r  e a c h  serum  m e a su re . Mean v a lu e s  f o r  BUN, c r e a t i n i n e ,  p o ta s s iu m , 
c h l o r id e ,  c a rb o n  d io x id e ,  p h o sp h o ru s , d im e th y la m in e  (p h 7 -8 , ph  > 10) 
and tr im e th y la m in e  (p h 7 -8 , ph > 10) w ere  a l l  o u t s id e  norm al l i m i t s  on 
Do, D1 , and  V>2 .
T a b le  5 c o n ta in s  th e  mean, s ta n d a rd  d e v ia t i o n ,  ran g e  and norm al 
p e rfo rm a n c e  ra n g e  (w here a v a i l a b l e )  f o r  each  c o g n i t i v e  and  s e n s o ry -  
m o to r  m easu re  on Do, D^, and  A lp h a b e t ic  n o t a t i o n  u n d e r
53
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Table 3
Mean, S ta n d a rd  D e v ia t io n ,  Range F o r  Age, E d u c a tio n  and
Time On D ia ly s i s
N = 20
In d e p e n d en t
V a r ia b le . Mean S.D . Range
Age ( y r s . ) 4 6 .5 11 .330 25 -  68
E d u c a tio n  ( y r s .) 1 3 .1 5 0 2 .007 11 -  16
Time On D ia ly s i s  (Mo.) 39 .7 21 .582 10 -  86
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Table 4
Mean, S ta n d a rd  D e v ia t io n ,  Range and Normal V alues 
F o r Serum M easures
Serum
M easure Day
(N = 20) 
Mean S.D . Range
Normal ‘ 
V a lu es
BUN mg/100ml 0 7 5 .4 5 0 13 .570 56-110 8 t2 5
1 56 .450 10 .092 42-80 8 .2 5
2 7 1 .2 5 0 12 .703 55-101 8 .2 5
C r e a t in in e 0 16 .4 4 5 3 .689 1 0 .2 -2 4 .3 .7 -1 .5
m g/100 ml 1 1 3 .710 3 .114 8 .3 -2 2 .0 .7 -1 .5
2 16 .010 3 .574 1 0 .2 -2 4 .6 .7 -1 .5
Sodium 0 13 8 .6 0 2.683 131-143 135-145
mEq/L 1 13 9 .3 0 3 .420 132-145 135-145
2 138 .35 3.265 131-144 135-145
P o ta ss iu m 0 5 .3 0 5 .596 4 .3 - 6 .5 3 .5 - 5 .0
mEq/L 1 5 .2 1 0 .564 4 .4 - 6 .4 3 .5 - 5 .0
2 5 .1 3 0 .609 3 .9 - 6 .1 3 .5 - 5 .0
C h lo r id e 0 99 .0 5 0 3 .316 93-104 100-106
mEq/L 1 96 .3 5 0 3.392 90-103 100-106
2 9 8 .3 0 4 .318 89-107 100-106
Carbon D io x id e 0 18 .650 3 .8 5 6 13-27 24-30
mEq/L 1 2 4 .3 5 0 2.498 20-29 24-30
2 19 .2 0 0 2 .648 15-24 24-30
P h o sp h o ru s 0 5 .1 8 0 1 .6 1 4 2 .3 - 8 .6 3 .0 - 4 .5
( In o rg a n ic ) 1 5 .3 2 5 1 .3 6 8 3 .0 - 8 .1 3 .0 - 4 .5
m g/100 ml 2 5 .540 1 .5 9 9 2 .9 - 9 .0 0 3 .0 - 4 .5
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Table 4 Continued
Serum
M easure Day Mean S.D . Range
Normal
V alues
C alcium 0 9 .1 6 5 .752 7 .6 -1 1 .0 8 .5 -1 0 .5
mg/100ml 1 9 .5 9 5 .701 8 ,3 -1 1 .2 8 .5 -1 0 .5
2 9 .245 .655 8 .1 -1 1 .2 8 .5 -1 0 .5
D im ethy lam ine 0 336 .80 89 .357 193-540 30*
ph7-8 1 261 .75 73.743 165-448 30*
m icrogram s % 2 311.50 82 .084 198-486 30*
D im ethylam ine 0 603 .25 17 4 .9 334-927 30*
ph > 10 1 456 .00 154 .790 304-885 30*
m icrog ram s % 2 549.25 1 51 .590 351-801 30*
T rim e th y lam in e 0 362.7 221.065 166-956 30*
ph7-8 1 233 .7 7 7 .514 94-455 30*
m icrogram s % 2 342 .1 189 .795 134-825 30*
T rim e th y lam in e 0 568 .65 200.833 308-904 30*
ph > 10 1 449 .85 199.532 125-1060 30*
m icrogram s % 2 527 .35 159.353 241-815 30*
* = Mean norm al v a lu e .
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Table 5
Mean, S ta n d a rd  D e v ia t io n ,  Range and Normal P erfo rm an ce  
(Where A v a ila b le )  F o r C o g n it iv e  and S en so ry -M o to r M easures
T e s t Day
(N = 20) 
Mean S.D . Range
Normal
L ev e l
P ro v e rb s 0 18 .25 -A 6 .2 5 7 3-24 13 .97
1 17 ,70-A 5 .7 5 0 2-24 1 3 .9 7
2 17 .45-A 6 .0 8 3 4-24 13 .97
D ig i t  Span 0 6 .650* 1 .4 6 1 5 -9
Forw ard 1 6 .450* .887 5-8
2 7 .10* 1 .1 6 5 5-9
D i g i t  Span 0 4 .25* 1 .4 8 2 2-8
Backw ards 1 4 .3 0 * 1 .4 9 0 3-8
2 4 .5 0 * 1 .638 2-8
D i g i t  Span 0 9 .7 5 * * -B 3 .3 9 6-19 8-11
F orw ard  & Backward 1 9 ,60**-B 2 .6 0 6-15 8-11
2 10.75**-B 3 .4 0 6-19 8-11
C o lo r Naming 0 1 29 .70 -C 2 3 .8 4 6 92-178 110-133
Time (S ec .) 1 1 2 1 ,95-B 19 .5 2 5 92-155 110-133
2 120 .70-B 24 .377 90-173 110-133
C o lo r  Naming 0 1 .1 5 0 1 .387 0 -5
E r r o r s 1 .750 1 .4 4 6 0-5
2 .350 .988 0 -4
Q uick T e s t 0 39 .6 -B 4 .6 8 4 30-48 :3 6 -4 4
1 4 0 .8 -B 4 .6 7 5 29-49 36-44
2 4 1 ,450-B 4 .9 8 9 29-49 36-44
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Table 5 Continued
T e s t Day Mean S.D . Range
Normal
L evel
S eash o re  Rhythm 0 25.00-B 3.784 15-30 25-28
(Number C o rre c t) 1 25 .25-B 3.583 15-30 25-28
2 25.25-B 4 .2 5 3 14-30 25-28
C hoice R e a c tio n 0 .507-B .072 .3 9 5 -.6 9 9 £ .6
Time (S ec .) 1 .499-B .082 .3 7 5 -.6 8 1 < .6
2 ,482-B .088 .3 3 6 -.6 8 4 < .6
C hoice R e a c tio n 0 .650 .763 0-2
E r ro r s 1 .425 .613 0 -2 .5
2 .725 .924 0 .3 5
Grooved Pegboard 0 26.250 8 .8 3 1 18-60
D om inant Time Out 1 20.950 3 .1 7 0 15-27
(S ec .) 2 22.100 4 .2 0 4 15-31
Grooved Pegboard 0 25.800 7 .4 3 8 19-53
Non-Dominant 1 24.600 7 .3 0 1 16-52
Time Out (S ec .) 2 24.250 4 .6 4 4 15-35
G rip  S tre n g th 0 91 .21 -B 22 .97 44-131 77-121
M ale, Dominant 1 93 .25-B 23 .26 4 0 -1 4 5 .5 77-121
(L b s .) 2 97.21-B 2 2 .0 5 3 2 .5 -1 4 5 77-121
G rip  S t r e n g th 0 80 .84 -B 1 9 .0 4 50-111 66-99
M ale , Non-Dominant 1 80 .43 -B 20.61 45-111 66-99
(L b s.) 2 82 .49 -B 20 .74 45-111 66-99
G rip  S t r e n g th 0 77 .725 29 .229 3 0 .5 -1 3 1
M ale s Fem ale 1 7 8 .755 30 .887 3 0 -1 4 5 .5
Dom inant (L bs.) 2 81 .675 31 .250 31-145
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
59
Table 5 Continued
T e s t Day Mean S.D . Range
Normal
L evel
G rip  S tre n g th 0 63 .385 27.390 20-111
M ale s Fem ale 1 67.275 29.180 15-111
Non-Dominant (L bs.) 2 68 .795 29 .139 1 5 .5 -111
F in g e r  Tapping 0 50.34-C 7 .0 7 3 9 .8 -6 2 .7 50-54
M ale, Dominant 1 50.91-C 6 .7 5 3 9 .3 -6 5 .5 50-54
2 51.81-B 7 .4 5 3 7 .0 -6 7 .6 50-54
F in g e r  T apping 0 4 3 ,46-C/D 7 .4 1 2 7 .6 -6 1 .0 44-48
M ale, Non-Dominant 1 45 .11-B 7 .5 6 3 1 .8 -6 0 .1 44-48
2 45.69-B 6 .34 3 4 .6 -5 9 .4 44-48
D ig i t  Symbol 0 7 .4 * * -C/D 1 .8 6 6-12 8-12
1 7 .95**-C 2 .26 5-12 8-12
2 8 . 35**-C 2 .08 5-12 8-12
F in g e r  Tapping 0 44.13-D 2 .7 7 4 0 .8 -4 8 46-50
F em ale, Dominant 1 45.65-C 4 .4 4 3 9 .5 -5 0 46-50
2 45.90-C 7 .0 9 36-55 46-50
F in g e r  Tapping 0 48 .475 6 .6 9 1 3 9 .8 -6 2 .7
Male S Fem ale 1 49.330 6 .519 3 9 .3 -6 5 .5
Dom inant 2 50.035 7 .674 3 6 .0 -6 7 .6
F in g e r  T apping 0 41.325 7 .522 2 7 .6 -6 1 .0
Male & Fem ale 1 43 .030 7 .4 7 7 3 1 .8 -6 0 .1
Non-Dominant 2 43 .635 7 .294 3 0 .0 -5 9 .4
Speech Sounds 0 16.00-D 2.714 11-20 17.66-1J
P e rc e p tio n  T e s t 1 17.650-B 1 .663 14-20 1 7 .6 6 -lf
(# C o r re c t ,  20 I te m s ) 2 17.350-C 2 .134 12-20 1 7 ,6 6 - l t
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Table 5 Continued
T e s t Day Mean S.D . Range
Normal
L evel
Word F lu en cy 0 14.850-D 3 .9 5 1 9-25 16-20
1 16.850-C 4 .356 10-23 16-20
2 16.850-C 3.977 10-24 16-20
T ra ilm a k in g  A 0 5 3 .350-E 18 .511 29-92 24-30
Time (S ec .) 1 43.950-D 11.646 28-63 24-30
2 39.550-D 12.219 24-70 24-30
T ra ilm a k in g  A 0 .05 .224 0-1
E r r o r s 1 .1 .308 0 -1
2 .2 .410 0 -1
B enton V is u a l 0 4.650-D 2.207 0-9 6-7
R e te n tio n 1 4.550-D 1 .7 0 1 1-8 6-7
T e s t  (Admin. B) 2 4.400-D 2.210 0-8 6-7
G rooved P egboard 0 85 .550-E 20 .631 59-122 61-66
Dom inant Time In 1 74.700-D 16.874 48-106 61-66
(S e c .) 2 74.000-D 14 .6 4 0 51-102 61-66
G rooved P egboard 0 1 .1 1 .0 7 1 0-3
D om inant E r ro r  In 1 .65 .671 0-2
2 .80 1 .105 0-4
G rip  S tre n g th 0 46.25-D 13 .8 3 3 0 .5 -7 0 55-88
F em ale , Dom inant 1 44.90-D 16 .04 3 0 -7 5 .5 55-88
(L b s .) 2 45.42-D 13 .8 9 31-65 55-88
G rip  S t r e n g th 0 39.17-D 15 .4 0 20-65 4 8 .4 -7 7
F em ale, Non-Dom inant 1 36.58-D 22 .72 15-80 4 8 .4 -7 7
( L b s .) 2 36.83-D 1 8 .8 8 1 5 .5 -6 7 4814-77
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T e s t Day Mean S.D . Range
Normal
L ev e l
F in g e r  Tapping 0 36.35-D 5 .4 4 3 1 .2 -4 6 .7 41-44
Fem ale; Non- 1 38.17-D 4 .8 4 3 1 .8 -4 4 .8 41-44
Dom inant 2 3 8 .8 3-D 7 .62 3 0 -5 2 .5 41-44
Grooved P egboard 0 9 0 .150-E 21 .463 61-145 66-73
Non-Dominant 1 82 .000-E 15 .475 55-115 66-73
Time In  (S ec .) 2 84 ,100-E 19 .358 54-123 66-73
G rooved Pegboard 0 1 . 0 0 0 1 .0 7 6 0-4
Non-Dominant 1 .600 1 .1 8 8 0-5
E r r o r  In 2 1 . 0 0 0 1.257 0-5
T ra ilm a k in g  B 0 132 .10 -F 7 7 .677 52-377 46-64
Time (S ec .) 1 126 .45 -F 9 4 .046 49-480 46-64
2 1 1 7 .1 5 -F 55 .467 51-251 46-64
T ra ilm a k in g  B 0 1 .2 5 0 1 .650 0 -6
E r r o r s 1 1 .350 2.207 0-9
2 1 .2 5 0 1 .3 3 3 0-4
*raw s c o re
* * s c a le d  s c o re
P erfo rm an ce  L e v e ls :
A -  H igh norm al 
B -  Normal 
C -  Low norm al 
D -  M ild ly  im p a ired  
E -  M o d era te ly  im p a ire d  
P -  S e v e re ly  im p a ire d
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t h e  "Mean" colum n c l a s s i f i e s  each  m easu re  a c c o rd in g  to  th e  l e v e l  o f  
p e rfo rm an c e  (h ig h  norm al to  s e v e re ly  im p a ire d )  as  com pared to  a  
norm al p o p u la t io n .  (See k ey  a t  end o f  T a b le  5 .)  C o g n it iv e  and  
s e n so ry -m o to r  m easu res  a r e  l i s t e d  i n  o rd e r  o f  d e c r e a s in g  l e v e l s  o f  
p e rfo rm a n c e . A rev iew  o f  T a b le  5, in c lu d in g  th e  l e v e l s  a t t a in e d  and 
a b i l i t i e s  in v o lv e d  i n  e ach  t e s t  m easu re , fo llo w s  b e lo w .
On th e  P ro v e rb s  T e s t ,  a  m easu re  o f  v e r b a l  com prehension  and 
a b s t r a c t  th in k in g ,  th e  mean f o r  th e  d i a l y s i s  sam ple was in  th e  h ig h  
norm al ran g e  on Do, and  D^. D ia ly s i s  p a t i e n t s  a c h ie v e d  p e rfo rm an ces  
in  th e  norm al ra n g e  on Do, D^, and on fo llo w in g  t e s t s :  Q uick
T e s t  (m easuring  v e r b a l  co m p reh en sio n , v i s u a l  s e a rc h  and  r e c o g n i t io n  
s k i l l s ,  i n t e r p r e t a t i o n  o f  p i c t o r i a l l y  p r e s e n te d  s o c i a l  c u e s ) , D ig i t  
Span (a t e s t  o f  s h o r t  te rm  r o te  memory, m e n ta l m a n ip u la t io n  o f  sym bols, 
s u s ta in e d  a t t e n t i o n  and c o n c e n t r a t io n  s k i l l s ) ,  C o lo r  Naming (a t e s t  
r e q u i r in g  th e  r e p e t i t i v e  u s e  o f  an  e le m e n ta ry  lan g u ag e  fu n c t io n  a s  th e  
s u b je c t  i d e n t i f i e s  a  s e r i e s  o f  d i f f e r e n t  c o lo r  s q u a re s  a s  r a p id ly  a s  
p o s s i b l e  a c r o s s  a  s e r i e s  o f  p a g e s ) , S eash o re  Rhythm (a t e s t  ta p p in g  
a l e r t n e s s ,  s u s ta in e d  a u d i to r y  a t t e n t i o n  and th e  a b i l i t y  to  p e rc e iv e  and 
com pare d i f f e r e n t  rh y th m ic  s e q u e n c e s ) , C ho ice  R e a c tio n  Time (a speeded  
t e s t  o f  v i s u a l  d i s c r im in a t io n ,  v is u a l - m o to r  p la n n in g  and v is u a l -m o to r  
c o o r d i n a t io n ) , G rip  S t r e n g th  (m ale d o m in an t an d  n o n -d o m in a n t) , and  
F in g e r  T apping  (m ale d a n in a n t)  (a sp eed ed  m o to r  t a s k  r e q u i r in g  s u s ta in e d  
m otor c o o r d i n a t io n ) .
In  t h e  n e x t g ro u p  o f  t e s t s  to  b e  rev iew ed , mean p e rfo rm a n c e s  on Do,
D and D w ere som etim es w i th in  and som etim es o u t s id e  o f  th e  norm al•la M
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r a n g e .  On D ig i t  Symbol (a  com plex, speed  d ep en d en t, v is u a l-m o to r  
p e rfo rm a n ce  t a s k  h a v in g  com ponents o f  p la n n in g , symbol a s s o c ia t io n  
and  memory, and v is u a l - m o to r  c o o rd in a t io n )  th e  d i a l y s i s  g ro u p s  mean 
p e rfo rm an ce  was s l i g h t l y  o u ts id e  th e  low  end o f  th e  norm al ran g e  on 
Do and w i th in  th e  low end o f  th e  no rm al ra n g e  on D  ^ and D^. On 
F in g e r  T apping  (m ale , n o n -d cm in an t) p e rfo rm an ce  was in  th e  b o r d e r l in e  
low norm al ran g e  on Do and m id -norm al ra n g e  on D^ and D ^. F in g e r  
T apping  p e rfo rm an ce  (fem ale  dom inan t) was m ild ly  im p a ire d  on Do and 
b a r e ly  w i th in  th e  low end o f  th e  norm al ran g e  on D^ and D^. On th e  
Speech  Sounds P e r c e p t io n  T e s t  ( r e q u i r in g  a u d i to r y  a t t e n t i o n  and  d i s ­
c r im in a t io n ,  and v i s u a l  r e c o g n i t io n  o f a u d i to r y  in p u t)  th e  d i a l y s i s  
g r o u p 's  mean p e rfo rm a n ce  was m ild ly  im p a ire d  on Do and w i th in  th e  
n o rm al ra n g e  on Do and P erfo rm an ce  on Word F lu en cy  (a speeded
ta s k  o f  v e r b a l  a s s o c i a t i o n )  was m i ld ly  im p a ire d  on Do and  w i th in  th e  
low end o f  th e  norm al ra n g e  on D^ and D^.
In  t h i s  f i n a l  g ro u p  o f  t e s t s  mean p e rfo rm a n c e s  w ere c o n s i s t e n t l y  
o u ts id e  o f  th e  norm al r a n g e . On T ra ilm a k in g  A ( a s s e s s in g  v i s u a l  
s c a n n in g , v i s u a l  s e q u e n c in g , v is u a l - m o to r  c o o r d in a t io n )  o v e r a l l  mean 
p e rfo rm an ce  was m o d e ra te ly  im p a ire d  on Do and m ild ly  im p a ire d  on D^ 
and D^. On T ra ilm a k in g  B ( r e q u i r in g  th e  a d d i t i o n a l  a b i l i t y  t o  s w itc h  
s e t )  s e v e re  im p a irm en t was e v id e n t  on Do, D^ and D^. On th e  B enton 
V is u a l  R e te n t io n  T e s t  ( a s s e s s in g  v i s u a l  p e r c e p t io n ,  v i s u a l  memory 
and v i s u o c o n s t r u c t iv e  a b i l i t i e s )  mean g ro u p  p e rfo rm an ce  was m o d e ra te ly  
im p a ire d  on Do, D^ and D2 . Mean p e rfo rm an ce  on Grooved Pegboard 
d o m in an t tim e  in  (a  sp e e d ed  t e s t  o f  v i s u a l - m o to r  c o o r d in a t io n  and
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s p a t i a l  o r i e n t a t i o n )  was m ild ly  im p a ired  on Do, and w h ile  
mean p e rfo rm an ce  on G rooved P egboard  non -d o m in an t tim e  i n  was mod­
e r a t e l y  im p a ire d  on D l,  and D^. Mean p e rfo rm an ce  on G rip  S t re n g th  
(fem ale  dom inan t an d  non-dom inan t) was m ild ly  im p a ire d  on Do, D^ and 
D2 , a s  was p e rfo rm an ce  on F in g e r  T app ing  (fem ale  n o n -d o m in a n t) . The 
s ig n i f i c a n c e  o f  th e s e  r e s u l t s  w i l l  b e  d is c u s s e d  in  th e  n e x t  c h a p te r .
T a b le  6 l i s t s  th e  r e s u l t s  o f  t h e  a n a ly s i s  o f  v a r ia n c e  f o r  cog ­
n i t i v e  and s e n so ry -m o to r  m ea su re s . E lev en  o u t  o f  tw e n ty -se v e n  m easu res  
showed a  s i g n i f i c a n t ' . d i f f e r e n c e  on a t  l e a s t  one day  p a i r  when co m p ari­
so n s  w ere made b e tw een  Do and D^, D1 and  D2 and Do and D2 «
T a b le  7 l i s t s  th e  r e s u l t s  o f  th e  Duncan M u lt ip le  Range T e s t  f o r
th e  e le v e n  c o g n i t iv e  and s e n so ry -m o to r  m easu res  in  T a b le  6 s i g n i f i c a n t  
a t  p  < .0 5  on  a t  l e a s t  one o f  t h e  t h r e e  d ay  p a i r  co m p ariso n s :
(D o-D ^), (D^-D2 ) , (Do-D2 ) . T a b le  7 i d e n t i f i e s  w hich  o f  th e  day  p a i r
co m p ariso n s  w ere s i g n i f i c a n t  and  n o te s  th e  s ig n i f i c a n c e  l e v e l  (p =* .05  
o r  .0 1 )  . Mean p e rfo rm a n c e s  f o r  e ach  m easu re  on each  day (Do, D^ and 
D2 ) a r e  a l s o  l i s t e d .
T a b le  8 in c lu d e s  th e  A n a ly s is  o f  V a r ia n c e  R e s u l t s  f o r  each  serum 
m e a su re . Only t h r e e  serum  m easu res  (sodium , p o ta s s iu m  and  p h o sp h a te )  
d id  n o t  change s i g n i f i c a n t l y  on any  o f  th e  t h r e e  d ay  p a i r  co m p ariso n s : 
(Do-D1 ) , , (Do-D2 ) .
T a b le  9 l i s t s  th e  r e s u l t s  o f  th e  Duncan M u lt ip le  Range T e s t  f o r
th e  n in e  serum  m easu res  from  T a b le  8 s i g n i f i c a n t  a t  p  « .05  on  a t  l e a s t
one o f  th e  t h r e e  co m p ariso n  p a i r s :  (D o-D ^), (D^-D2) , (Do-D2 ) . T a b le  9
i d e n t i f i e s  w hich o f  th e  day  p a i r  c o m p a riso n s  a r e  s i g n i f i c a n t  and  n o te s
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Table 6
A n a ly s is  o f  V a r ia n c e : C o g n itiv e  & S en so ry -M o to r T e s ts
„ D ependent M easure S o u rce DF ANOVA S. S . F -V alue
D i g i t  Span Backward Day 2 .7000000 .55
T r a i l  -  A -  E r r o r Day 2 .23333333 1 .4 3
T r a i l  -  B -  Time Day 2 2279.433333 .82
T r a i l  -  B -  E r ro r Day 2 .13333333 .04
Word F lu en c y Day 2 53.33333 3 .0 3
P ro v e rb s  T e s t Day 2 6.700000 .44
B enton  V i s .  R e t . Day 2 .633333 .17
S e a sh o re  Rhythm Day 2 .833333 .09
G rooved P egboard  D om inant 
E r r o r  In Day 2 2 .100000 1 .0 5
G rooved P egboard  Non-Dom inant 
E r r o r  In Day 2 2 .133333 1 .0 3
G rooved P egboard  Non-D cm inant 
Time Out Day 2 26 .43333 .85
C ho ice  R e a c tio n  (Time) Day 2 .00646333 1 .0 4
C ho ice  R e a c tio n  (E r ro r s ) Day 2 .9750000 1 .0 7
G rip  S tre n g th -D o m in a n t Day 2 167.932000 1 .1 2
G rip  S t r e n g th  -  Non-Dom inant Day 2 311.404000 .89
F in g e r  T ap p in g  -  D om inant Day 2 24 .411000 1 .4 9
D i g i t  Span Forw ard Day 2 4 .433333 3 .38*
D i g i t  Symbol Day 2 251 .633333 8 .56**
C o lo r  Naming Time Day 2 950 .83333 8 .00**
C o lo r  Naming E r r o r Day 2 6 .400000 4 .6 3 *
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Table 6 Continued
D ependent M easure Source DF ANOVA S .S . F -V alue
T r a i l  -  A -  Time Day 2 1987.73333 8.88**
Speech Sounds P e r c e p t io n Day 2 30.900000 4 .67*
Q uick T e s t Day 2 35.233333 3 .4 1 *
G rooved P egboard  D om inant 
Time In Day 2 1677 .43333 21.70**
G rooved P egboard  Non-Dominant 
Time In Day 2 716.23333 5 .62**
G rooved P egboard  D om inant 
Time Out Day 2 310.90000 6 .12**
F in g e r  T app in g  N on-Dom inant Day 2 57.394333 3 .7 6 *
* o .0 1  < p  < .0 5 .
** = p  < .0 1 .
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Table 7
D u n can 's  M u lt ip le  Range T e s t  F o r C o g n it iv e  and 
S enso ry -M oto r M easures From T a b le  S ix  W ith p  < .05
S ig n if ic a n c e  by
D ependent M easure DF MS1 Day -  Mean Day P a i r s
Day To Day
D ig i t  Span Forw ard 38 .655 2 -  7 .1 0 0 1
0 -  6 .6 5 1 -V 2*
1 -  6 .4 5 0 2
D ig i t  Symbol 38 14 .69 2 -  4 4 .4 5 0 -*■ 1*
1 -  42 .3 0 1 2
0 -  39 .45 0 ->• 2**
C o lo r Naming Time 38 59 .4 0 -1 2 9 .7 0 ->• 1**
1 -1 2 1 .9 5 1 2
2 -1 2 0 .7 0 -»■ 2**
C o lo r Naming E r ro r 38 .69 0 -  1 .1 5 0 -»• 1
1 .75 1 -V 2
2 .35 0 2**
T r a i l  -  A -  Time 38 1 11 .94 0 -  53 .3 5 0 -V 1 * *
1 -  4 3 .9 5 1 ->• 2
2 -  39 .55 0 -»■ 2**
Speech Sounds P e rc e p t io n
# C o r r e c t 38 3 .3 1 1 -  1 7 .6 5 0 -V 1**
2 -  1 7 .3 5 1 2
0 -  1 6 .0 0 0 2*
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Table 7 Continued
D ependent M easure DF MS1 Day -  Mean
S ig n if ic a n c e  by 
Day P a i r s
Day To Day
Quick T e s t 38 5 .1 6 2 —m 41 .45 0 1
1 40 .80 1 -*■ 2
0 — 39 .6 0 0 2*
Grooved Pegboard 38 38.65 0 8 5 .5 5 0 -y ; p t *
Dominant Time In 1 - 7 4 .7 0 1 2
2 — 74 .0 0 0 "V 2**
Grooved P egboard  Non- 38 63 .7 6 0 90 .1 5 0 •y 1**
Dom inant Time In 2 - 8 4 .1 0 1 2
1 8 2 .0 0 0 ->■ 2*
Grooved Pegboard 38 25 .4 2 0 26 .25 0 1**
Dom inant Time Out 2 - 22 .1 0 1 -V 2
1 2 0 .9 5 0 -* ■ 2*
F in g e r  T app ing  Non- 38 7 .63 2 43 .635 0 -y 1
D cm inant 1 - 43 .0 3 1 •y 2
0 41 .325 0 •y 2*
* « .0 5 .
** = . 01 .
*Ms = E r ro r  SS (Day * S u b je c ts )  
DF (Day * S u b je c ts )
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Table 8
A n a ly s is  Of V a ria n c e  R e s u l t s :  Serum M easures
Serum M easure
(N = 20) 
S ource DF ANOVA S .S . F -V alue
BUN Day 2 3984.5333 104.16**
C r e a t in in e Day 2 86.396333 119.85**
Sodium Day 2 9.700000 1 .1 1
P o ta ss iu m Day 2 .3070000 1 .9 2
C h lo r id e Day 2 77 .7000 4.83*
C arbon D io x id e Day 2 395.4333 43.37**
P h o sp h a te Day 2 1.3123333 1 .3 3
C alcium Day 2 2.092000 11.90**
D im ethy lam ine ph7-8 Day 2 58317. .7 19.06**
D im ethy lam ine ph> 10 Day 2 221960.833 12.35**
T rim e th y lam in e  ph7-8 Day 2 192106.1333 8 .99**
T rim e th y lam in e  ph> 10 Day 2 145502.533 7 .84**
* = .01  < p < . 0 5 .
** = p < . 0 1 .
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Table 9
D u n can 's  M u lt ip le  Range T e s t  F o r Serum M easures From 
T a b le  E ig h t W ith p  < .05
Blood M easure DF
(N = 20) 
MS1 Day -  Mean
S ig n i f ic a n c e  By 
Day P a i r s
BUN 38 1 9 .1 3 0 -  75 .450 0 -> 1**
2 -  71 .250 1 -v 2**
1 -  56 .45 0 -v 2**
C r e a t in in e 38 .36 0 -  16 .445 0 -v i**
2 -  16 .010 1 **■ 2**
1 -  13 .7 1 0 0 -*■ 2*
C h lo r id e 38 8 .0 4 0 -  9 9 .0 5 0
2 -  9 8 .3 0 1 -v 2 *
1 -  9 6 .3 5 0 -*■ 2
Carbon D io x id e 38 4 .5 6 1 -  2 4 .3 5 0 + p *
2 -  1 9 .2 0 1 -v 2*
0 -  18 .65 0 2
C alcium 38 .088 1 -  9 .5 9 0 -v 1 **
2 -  9 .2 4 1 -v 2**
0 -  9 .1 6 5 0 *»■ 2
D im ethy lam ine p h 7 -8 38 1529 .99 0 -3 3 6 .8 0 -v i**
2 -3 1 1 .5 1 -V 2**
1 -2 6 1 .7 5 0 -*• 2*
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Table 9 Continued
B lood M easure DF MS1 Day -  Mean
S ig n i f ic a n c e  To 
Day P a i r s
D im ethylam ine ph> 10 38 8 983 .33 0 -6 0 3 .2 5 0 -h1 * *
2 -5 4 9 .2 5 1 2**
1 -4 5 6 .0 0 0 2
T rim e th y lam in e  ph.7-8 38 10687 .4 0 -3 6 2 .7 0 -¥1**
2 -3 4 2 .1 1 2**
1 -2 3 3 .7 0 -*■ 2
T rim e th y lam in e  ph>  10 38 9283 .46 0 -5 6 8 .1 5 0 •+1 * *
2 -5 2 7 .3 5 1 -V 2*
1 -4 4 9 .8 5 0 1
* = .05 
* *  =  .01
xMs = E r r o r  SS (D ay * S u b jec ts) 
DF (D ay * S u b jec ts)
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th e  s ig n i f i c a n c e  l e v e l  (p = .05  o r  . 0 1 ) .  Mean serum v a lu e s  f o r  each 
serum  m easure  on each  day  (Do, D^, D2) a re  a l s o  l i s t e d .
The d is c o m fo r t  in d e x  was s i g n i f i c a n t  a t  th e  .0 5  l e v e l  (F = 4 .0 0 ,
DF = 2) when co m p ariso n s  a c r o s s  Do, D , D w ere m ade. T a b le  10 l i s t s
J a
th e  r e s u l t s  o f  th e  Duncan M u lt ip le  Range T e s t  f o r  th e  D isco m fo rt
In d e x . Mean v a lu e s  f o r  t h e  d is c o m fo r t  in d e x  a r e  l i s t e d  f o r  Do, D, , D .1 2
T a b le  11 l i s t s  th e  P e a rso n  P ro d u c t Moment c o r r e l a t i o n  c o e f f i c i e n t  
( r)  w ith  t h e  c o r re s p o n d in g  s ig n i f i c a n c e  l e v e l  f o r  th e  c o r r e l a t i o n  o f  
e ac h  c o g n i t iv e  and s e n so ry -m o to r  m easu re  w ith  each  serum  m easu re .
Only th o s e  v a r i a b l e  p a i r s  w ith  P e a rso n  c o r r e l a t i o n s  o f  p  •  .0 1  a re  
l i s t e d .  (The t o t a l  number o f  c o r r e l a t i o n s  w ith  p  < .01  i s  l e s s  th a n  
w ould  be e x p e c te d  b y  c h a n c e .)
T a b le  12 in c lu d e s  th e  P e a rso n  c o r r e l a t i o n  c o e f f i c i e n t  and  c o r ­
re sp o n d in g  s ig n i f i c a n c e  l e v e l  f o r  th e  c o r r e l a t i o n  o f  serum m easure 
d i f f e r e n c e  s c o re s  w ith  c o g n i t iv e  and s e n so ry -m o to r  d i f f e r e n c e  s c o r e s .  
O nly th o s e  v a r i a b l e  p a i r s  w ith  ( r)  s i g n i f i c a n t  a t  p  < .0 1  a r e  l i s t e d .  
(The t o t a l  number o f  c o r r e l a t i o n s  w ith  p  ^  .0 1  i s  l e s s  th a n  w ould be  
e x p e c te d  by c h a n c e .)
P e a rso n  c o r r e l a t i o n  c o e f f i c i e n t s  r e s u l t e d  in  b u t  two s i g n i f i c a n t  
c o r r e l a t i o n s  when age and tim e  on d i a l y s i s  w ere  c o r r e l a t e d  w ith  each  
c o g n i t iv e  and s e n so ry -m o to r  m easure on Do, D^ and  D2 : age w ith  c h o ic e
r e a c t i o n  t im e , day  1 , r  = .5 7 3 1 , p  = .0 0 8 ; tim e  on d i a ly s e s  w ith  g r ip  
s t r e n g t h  d o m in an t, day  0 , r  = - .5 4 2 4 ,  p  = .0 1 3 . Spearman c o r r e l a t i o n  
o f  t h e  d is c o m fo r t  in d ex  w ith  each  c o g n i t iv e  and s e n so ry -m o to r  m easu re  
on Do, D1 and D2 r e s u l t e d  in  two s i g n i f i c a n t  c o r r e l a t i o n s :  d is c o m fo r t
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Table 10
D u n can 's  M u lt ip le  Range T e s t  F o r D isc o m fo rt In d ex
M easure DF MS1
(N = 20) 
Day -  Mean S ig n i f ic a n c e  By Day P a i r s
D isco m fo rt 38 33 .1 8 0 -  49 .3 5 0 - ^ 1 *
In d ex 2 -  45 .2 5 1 2
1 -  4 4 .6 0 0 2*
* = .0 5 .
*MS = E r r o r  SS (D ay * S u b jec ts) 
DF (D ay*S ub jec ts)
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Table 11
P e a rso n  C o r r e la t io n  Of C o g n it iv e  & Sensory~M otor M easures
W ith  Serum M easures*
(N = 20)
P a i r Day
P e a rso n  C o rr .  
C o e ff .
S ig .
L ev e l
C h lo r id e  a D ig i t  Span Forw ard 0 -.5 3 9 4 .014
C r e a t in in e  a G rooved P egboard  
Non-Dominant Time In 0 .5751 .008
Sodium a Q uick T e s t 0 .6286 .003
P h o sp h a te  & P ro v e rb s  T e s t 0 .5748 .008
C r e a t in in e  & F in g e r  T apping  D om inant 0 .5611 .010
D im ethylam ine ph7-8  & D ig i t  Span 
Forw ard 0 .5365 .015
D im ethylam ine ph> 10 & Grooved 
P egboard  Dom inant Time In 1 .6138 .004
T rim e th y lam in e  ph  > 10 & B enton 1 .5298 .016
Sodium a B enton 1 .5493 .012
P o ta ss iu m  & Q uick T e s t 1 .6479 .002
Carbon D io x id e  a Grooved P egboard  
D om inant E r r o r  In 1 - .5 8 2 7 .007
C r e a t in in e  a F in g e r  T app ing  D om inant 1 .6639 .001
C alcium  a S e a sh o re  Rhythm 1 .5682 .009
C r e a t in in e  a Word F lu en cy 2 - .5 8 6 7 .007
P o ta ss iu m  a Grooved P egboard  
Non-Dominant Time Out
2 - .5 8 3 6 .007
BUN a C ho ice  R e a c tio n  Time 2 .5478 .012
C r e a t in in e  a G r ip  S t r e n g th  D om inant 2 .6115 .004
D im ethy lam ine ph7-8  a D ig i t  Span 
Backw ards 2 .5440 .013
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Table 12
P ea rso n  C o r r e la t io n  Of D if fe re n c e  S co res  (Day (0 -1 ) ,  Day (1 -2 ) ,  
Day (0 -2 ))  F o r Serum V alues And S ensory -M otor fi C o g n itiv e  M easures
(N = 20)
Serum M easure W ith S enso ry -M oto r P ea rso n  C o r r e la t io n  S ig n if ic a n c e  
and C o g n itiv e  M easure C o e f f ic ie n t  L evel
P h o sp h a te  (0 -1 ) w ith  T r a i l s  B 
Time (0-1) - .5 7 5 6 P — .008
D im ethylam ine ph->10 (0 -1 ) W ith 
C o lo r Naming Time (0-1) - .5 6 7 9 P = .009
BUN (1-2 ) w ith  Word F lu en cy  (1-2) .5536 P = .011
Sodium (1 -2 ) w ith  Word F lu e n cy  (1-2) - .6 5 3 7 P = .002
Carbon D io x id e  (1 -2 ) w ith  Quick 
T e s t  (1 -2) - .5 5 3 7 P .011
BUN (1-2 ) w ith  G rip  S t r e n g th  
Dom inant (1 -2) .5905 P ■K .006
C h lo r id e  (1-2) w ith  C hoice R e a c tio n  
Time E r r o r  (1-2) - .5 4 1 1 P rs .014
T rim eth y lam in e  ph7-8  (1-2 ) w ith  
D ig i t  Span Forw ard (1-2) .5526 P 23 .012
T rim eth y lam in e  ph > 10 (0-2) w ith  
T ra ilm a k in g  B Time (0-2) - .5 3 3 1 P 23 .016
T rim eth y lam in e  p h >  10 (0 -2 ) w ith  
P ro v e rb s  (0-2) .5377 P ts .015
D im ethylam ine ph>  10 (0-2 ) w ith  
Grooved P egboard  Non-Dominant Time In .5241 P — .018
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in d e x  w ith  d i g i t  sp an  fo rw a rd , day 0 , Spearm an c o e f f i c i e n t  = .6 4 4 2 , 
p = .0 0 2 ; d is c o m fo r t  in d e x  w ith  Benton V is u a l  R e te n t io n ,  day 2, 
Spearman c o e f f i c i e n t  = .5412 , p  = .0 1 4 .
P e a rso n  i n t e r c o r r e l a t i o n  o f  a g e , tim e  on d i a l y s i s  and e d u c a tio n  
y ie ld e d  one s i g n i f i c a n t  c o r r e l a t i o n :  e d u c a tio n  w ith  tim e  on d i a l y s i s ,
r  = - .6 1 8 5 ,  p  = .0 0 2 . P earso n  i n t e r c o r r e l a t i o n  o f  serum  m easu re  p a i r s  
on Do, and D2 w ith  p  < .0 1  a r e  l i s t e d  in  T ab le  13.
F in a l ly ,  Spearman c o r r e l a t i o n s  o f  th e  D isco m fo rt Index  and i n d i ­
v id u a l  e le m e n ts  o f  th e  S u b je c t iv e  R a tin g  S c a le  w ere g e n e r a l ly  h ig h ly  
s i g n i f i c a n t  and a r e  l i s t e d  in  A ppendix G. P ea rso n  i n t e r c o r r e l a t i o n s  
o f  S en so ry -m o to r and c o g n i t iv e  m easu res  f o r  Do, D^ and w ith  p  < .01 
a r e  in c lu d e d  in  a p p en d ice s  Ho, H I, H2 r e s p e c t i v e l y .
A d is c u s s io n  o f  a l l  r e s u l t s  c i t e d  above fo llo w s  in  th e  n e x t  
c h a p te r .
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Table 13
P ea rso n  I n t e r c o r r e l a t i o n o f  Serum V a r ia b le s (p < .01)
(N = 20)
Blood M easure P a i r Day P ea rso n  r
S ig n if ic a n c e
L evel
Sodium w ith  C h lo r id e 0 .6293 p = .003
D im ethylam ine p h 7 -8  w ith  
D im ethylam ine ph >10 0 .9108 p £ .0009
T rim e th y lam in e  ph7-8  w ith  
T rim e th y lam in e  ph  p>10 0 .8722 p < .0009
Sodium w ith  C h lo r id e 1 .5985 p  = .005
D im ethylam ine ph7-8  w ith  
D im ethy lam ine ph >10 1 .5577 p «= .011
T rim e th y lam in e  ph >10 w ith  
D im ethy lam ine ph7-8 1 .5471 p = .013
T rim e th y lam in e  ph >10 w ith  
D im ethylam ine ph  >10 1 .7823 p < .0009
T rim e th y la m in e  p h 7 -8  w ith  
T rim e th y la m in e  ph  > 10 1 .6522 p *• .002
D im ethylam ine p h 7 -8  w ith  
D im ethylam ine p h  > 10 2 .8166 p < .0009
T rim e th y la m in e  ph7-8  w ith  
D im ethy lam ine ph7-8 2 .5815 p = .007
T rim e th y lam in e  ph7-8  w ith  
T rim e th y la m in e  ph  > 10 2 .7532 p < .0009
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CHAPTER I V
DISCUSSION
E f f e c t s  o f  H em o d ia ly sis  On Serum C hem istry
P r io r  to  d is c u s s in g  th e  p o s s ib le  e f f e c t s  o f  changes i n  serum 
c h e m is try  ( a c ro s s  Do, D^ and D ) on re p e a te d  c o g n i t iv e  and se n so ry -  
m otor t e s t  p e rfo rm a n c e , i t  i s  f i r s t  n e c e s s a ry  t o  s p e c i fy  w hat changes 
i n  serum  c h e m is try  a c t u a l l y  o c c u r r e d .37 A c o n s id e r a t io n  o f  T a b le s  4 ,
8 and 9 (Mean, S ta n d a rd  D e v ia t io n , Range and Normal V alues f o r  Serum 
M easures; A n a ly s is  o f  V a ria n c e  R e s u l ts  f o r  Serum M easures; and Duncan 
M u lt ip le  Range T e s t  f o r  Serum M easures) r e v e a l s  t h a t  h e m o d ia ly s is  and 
th o s e  p h y s io lo g ic a l  p r o c e s s e s  o c c u r r in g  t h e r e a f t e r  ( r e b o u n d 'e f f e c ts ,  
c o n tin u e d  b u i ld u p  o f  t o x i c  m e ta b o l i te s ) ,  s i g n i f i c a n t l y  a f f e c te d  serum  
c h e m is try .  L e v e ls  o f  BUN, c r e a t i n i n e ,  c h lo r id e ,  c a rb o n  d io x id e ,  
c a lc iu m , d im eth y lam in e  (ph 7 -8 , ph > 10) and  tr im e th y la m in e  (ph 7 -8 , 
p h > 10) a l l  changed  s i g n i f i c a n t l y  in  th e  e x p e c te d  d i r e c t i o n  when p r e  
and p o s t-h e m o d ia ly s e s  co m p ariso n s  (Do-D^), and p o s t  and p re -h e m o d ia ly se s  
c o m p ariso n s  (d i _D2  ^ w ere m ade. A d d i t io n a l ly ,  when th e  means f o r  each
37Serum c h e m is try  changes due to  h e m o d ia ly s is  o b v io u s ly  in c lu d e  
o th e r  serum m easu res  n o t m o n ito re d  in  t h i s  s tu d y .  Only BUN, c r e a t i n i n e ,  
c h lo r id e ,  ca rb o n  d io x id e ,  c a lc iu m , sodium , p o ta s s iu m , p h o sp h o ru s , 
d im e th y lam in e  (p h 7 -8 , ph > 10) and tr im e th y la m in e  (p h 7 -8 , p h  ^ 1 0 )  w ere 
in c lu d e d .
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serum  v a r i a b l e  a t  Do and w ere  com pared, s i g n i f i c a n t  d i f f e r e n c e s  
w ere found f o r  BUN, c r e a t i n i n e  an d  d im eth y lam in e  (p h 7 -8 ) . A t D2 
th e s e  serum  m easu res  w e re , a s  e x p e c te d , s i g n i f i c a n t l y  below  t h e i r  
Do l e v e l s .
No s i g n i f i c a n t  d i f f e r e n c e s  f o r  th e  Do-D2 com parison  w ere found  
f o r  c h lo r id e ,  c a rb o n  d io x id e ,  c a lc iu m , d im eth y lam in e  (ph > 10) and  
t r im e th y la m in e  (p h 7 -8 , ph  > 1 0 ) .  No s i g n i f i c a n t  d i f f e r e n c e s  o c c u rre d  
f o r  sodium , p o ta s s iu m  and p h o sp h a te  on any o f  th e  fo llo w in g  co m p ariso n s: 
Do-D1 , D^j-D.^, Do-D2 . T hese  f in d in g s  a r e  in  k e e p in g  w ith  e x p e c ted  
r e s u l t s . 38
Most im p o r ta n t ly ,  in d iv id u a l  l e v e l s  o f  BUN and c r e a t i n i n e  (sm a ll 
m o le c u le s )  and  d im eth y lam in e  and tr im e th y la m in e  (m id d le  m o le cu le s)  w ere 
changed  s i g n i f i c a n t l y  by h e m o d ia ly s is  and a l l i e d  p h y s io lo g ic a l  p r o c e s s e s  , 
a c r o s s  Do/ and D2 « T hese p a r t i c u l a r  serum  m easu res  se rv e d  as  c r u c i a l  
s ig n p o s t s  f o r  a s s e s s in g  "adequacy" o f  d i a l y s i s  in  t h i s  s tu d y .  The f a c t  
t h a t  th e s e  serum  m easu re s  w ere s i g n i f i c a n t l y  changed  a c ro s s  Do, D^ and 
D2 l e g i t i m iz e s  an in q u i r y  i n t o  th e  p o s s ib l e  e f f e c t s  o f  such  ch an g es  on 
r e p e a te d  c o g n i t iv e  and  s e n so ry -m o to r  t e s t  p e rfo rm an ce  (on Do, D and D_) .
L e v e ls  o f  P e rfo rm an ce : A reas  o f  S t r e n g th  and W eakness
D e s p ite  a  d a i l y  b u i ld u p  o f  to x ic  r e n a l  m e ta b o l i te s ,  d i a l y s i s
38The f a c t  t h a t  th e  co m p ariso n  a c r o s s  Do, D^ and D2 was n o t  s i g ­
n i f i c a n t  f o r  p o ta s s iu m  i s  n o t  s u r p r i s in g  c o n s id e r in g  t h a t  th e  D^ serum  
t e s t  was done a p p ro x im a te ly  20 h o u rs  p o s t - d i a l y s i s .  Had th e  D1 serum  
t e s t  im m ed ia te ly  fo llo w e d  d i a l y s i s ^ s i g n i f i c a n t  d i f f e r e n c e s  b e tw een  Do-D^ 
and D^-D2 l e v e l s  w ould have been  o b s e rv e d .
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p a t i e n t s  s c o re d  w ith in  th e  norm al ran g e  on Do, D1 and in  a  w ide 
v a r i e t y  o f  a r e a s  when t h e i r  p e rfo rm an ce  was com pared w ith  a v a i l a b le  
norm s f o r  a  norm al p o p u l a t i o n .39 T hese  a r e a s  in c lu d e d :  v e r b a l
co m p reh en sio n , a b s t r a c t i o n , 1+9 s h o r t  te rm  r o t e  memory ( a u d i to r y ) ,  
m e n ta l m a n ip u la t io n  o f  sym bols (where no s w itc h in g  o f  s e t  was r e q u i r e d ) ,
39See T a b le  5 f o r  a  p r e s e n t a t i o n  o f  a v a i l a b l e  norm al ra n g e s  f o r  
many o f  th e  c o g n i t iv e  and  s e n so ry -m o to r  t e s t s  u t i l i z e d  i n  t h i s  s tu d y .
See A ppendix  I  f o r  a  l i s t i n g  o f  ra n g e s  o f  im p airm en t in  perfo rm an ce  
(from  s e v e r e ly  im p a ire d  t o  h ig h  norm al) .
^ O n  th e  P ro v e rb s  T e s t ,  a m easure  o f  v e r b a l  com prehension  and 
a b s t r a c t  th in k in g ,  th e  mean f o r  d i a l y s i s  p a t i e n t s  was i n  th e  u p p e r end 
o f  t h e  h ig h  norm al ra n g e  on Do, D^ and T h is  f in d in g  m ust b e  tem ­
p e re d  by th e  f a c t  t h a t  th e  s c o r in g  o f  r e s p o n s e s  on th e  P ro v e rb s  T e s t  i s  
b a se d  n o t  on a c c u ra c y  o f  c o n te n t ,  b u t  s im p ly  on w h e th e r  o r  n o t  th e  
s u b je c t  i s  a b le  to  " a b s t r a c t "  each  c o n c r e te  e le m en t o f  th e  p ro v e rb  in to  
a  m ore g e n e r a l i z a b l e  p h r a s e , i n  e x p la in in g  i t s  m ean ing . In  o th e r  w ords, 
a l th o u g h  a  s u b j e c t ' s  i n t e r p r e t a t i o n  o f  a  p ro v e rb  may b e  p o o r , a s  lo n g  a s  
i t  r e p r e s e n t s  a n  a b s t r a c t  g e n e r a l i z a t i o n , f u l l  c r e d i t  i s  g iv e n . D ia ly s i s  
p a t i e n t s ,  a s  a w hole, d e m o n s tra te d  a  w e l l  d e v e lo p e d  a b i l i t y  a s  re g a rd s  
s a t i s f y i n g  th e  s c o r in g  r e q u ire m e n ts  (n o te d  a b o v e ) , how ever, an in fo rm a l 
rev ie w  o f  th e  q u a l i t y  o f  p ro v e rb  i n t e r p r e t a t i o n s  s u g g e s ts  t h a t  th e  
q u a l i t y  a c h ie v e d  d id  n o t  a lw ays m atch  up  to  th e  a b i l i t y  to  a b s t r a c t  each  
c o n c re te  e le m e n t o f  th e  p ro v e rb .  T h is  seem s t r u e  d e s p i t e  th e  a d m it te d ly  
s u b je c t iv e  n a tu r e  o f  ju d g in g  th e  q u a l i t y  o f  c o n te n t .  The q u a l i t y  o f  
i n t e r p r e t a t i o n s  seem s t o  have b een  com prom ised by  th e  a d m it te d ly  d i f f i c u l t
n a tu r e  o f  many o f  t h e  p r o v e rb s .
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s u s ta in e d  a t t e n t i o n ,  c o n c e n t r a t io n ,  a u d i to ry  d i s c r im in a t io n ,  v i s u a l  
d i s c r im in a t io n ,  v is u a l-m o to r  p la n n in g  (when no s w itc h in g  o f  s e t  was 
r e q u i r e d ) , v is u a l-m o to r  r e a c t io n  t im e , v i s u a l  r e c o g n i t io n  and  i n t e r ­
p r e t a t i o n s  o f  p i c t o r i a l l y  p r e s e n te d  o b je c t s  and s o c ia l  c u e s , g r ip  
s t r e n g th  (m a le s ) , s u s ta in e d  m otor speed  (m ale dom inant) and th e  maximum 
r e p e t i t i v e  p e rfo rm an ce  o f  an  e le m e n ta ry  language  fu n c t io n  (speeded  c o lo r  
i d e n t i f i c a t i o n )  .
On each  o f  s e v e r a l  t e s t s  ( D ig it  Symbol, F in g e r  Tapping (male non- 
d c m in a n t, fem ale  d o m in a n t) , Speech Sounds P e rc e p t io n  and Word F luency) 
mean p e rfo rm an ces  f lu c tu a te d  betw een  th e  no rm al and m ild ly  im p a ired  
ran g e , a c ro s s  Do, D^ and D2 . (See T ab le  5 .)  E x p la n a tio n s  f o r  th e s e  
f l u c tu a t i o n s  w i l l  b e  b r i e f l y  c o n s id e re d  b e lo w . A m ore d e t a i l e d  d i s ­
c u s s io n  w i l l  fo llo w  a t  a  l a t e r  p o in t  i n  t h i s  c h a p te r .
P erfo rm ance  on D ig i t  Symbol im proved from  m ild ly  im p a ired  on Do
to  b a r e ly  w i th in  t h e  lo w e s t end o f  th e  norm al ran g e  on D and D .
1 2
(D if fe re n c e s  betw een  Do and D^, and Do and D2 w ere s i g n i f i c a n t ,  p  =
.0 5 , p *= .01  r e s p e c t i v e l y . )  A pparen t on t h i s  t e s t  was th e  s u b je c ts ' 
s lo w n ess  in  sw itc h in g  s e t  frcm  number to .sy m b o l ( d e s p i te  th e  p re se n c e  
o f  a  r e f e r e n c e  m odel) and n o n - r e l ia n c e  on memory (symbol a s s o c i a t i o n ) .  
T h e re  i s  l i t t l e  o r  no e v id e n c e  to  s u g g e s t  t h a t  th e  ch an g es in  p e rfo rm an ce , 
n o te d  above, w ere due to  changes in  serum c h e m is try  a n d /o r  d isc o m fo r t 
l e v e l s .  My s p e c u la t io n  i s  t h a t  changes in  p e rfo rm an c e  w ere due t o  a 
p r a c t i c e  e f f e c t  in  w hich a  s t a b l e  th r e s h o ld  o f  re sp o n se  was n o t a c h iev ed  
u n t i l  a f t e r  th e  D1 t e s t  a d m in is t r a t io n  ( th e  " p r a c t ic e  e f f e c t "  h y p o th -
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41e s i s )  . I f  th e  D ig i t  Symbol T e s t  had  n o t  b een  r e p e a te d  and a 
p o s t - d i a l y s i s  t e s t i n g  was u sed  to  a s s e s s  l e v e l  o f  p e rfo rm a n c e , my 
s p e c u la t io n  i s  t h a t  p e rfo rm an ce  w ould f a l l  i n  th e  m ild ly  im p a ired  
ra n g e  (as  th e r e  w ould h av e  b een  no p r a c t i c e  e f f e c t  t o  in c r e a s e  th e  
s c o re  and  th u s  p la c e  i t  w i th in  t h e  norm al ran g e )  .
B oth  m ild  im p airm en t (fem ale  d o m in an t, Do) and b o r d e r l in e  im p a ir ­
m ent (m ale n o n -d o m in an t, Do) on F in g e r  T app ing  may h av e  b een  due to  th e
e f f e c t s  o f  p e r i p h e r a l  n e u ro p a th y  and / o r  o th e r  p e r i p h e r a l  damage
42
a t  t h e  a c c e s s  s i t e .  A t r e n d  to w a rd s  b e t t e r  p e rfo rm a n c e , from  m ild ly  im­
p a i r e d  on Do, to  b o r d e r l in e  im p airm en t on D^ and D^, was re c o rd e d  f o r  f e ­
m a le s . A t r e n d  to w ard s  b e t t e r  p e rfo rm an ce , from  b o r d e r l in e  im p airm en t on 
Do, t o  norm al f u n c t io n in g  on D^ and D^/ was r e c o rd e d  f o r  m a les  (non-dom inant) . 
A t e s t  o f  th e  s ig n i f i c a n c e  o f  th e s e  t r e n d s  was n o t  a n a ly z e d  by sex  
due to  th e  v e ry  d i s p r o p o r t i o n a t e  r a t i o  o f  m a le s  t o  fem a le s  ( 6 /1 4 ) .
E v id en ce  a g a in s t  serum  c h e m is try  ch a n g e s , and in  f a v o r  o f  p r a c t i c e  
e f f e c ts . ,  w i l l  b e  o f f  e r r e d  a s  an e x p la n a t io n  f o r  ch an g es  in  c o g n i t iv e  and 
se n so ry -m o to r  t e s t  p e rfo rm an ce  a t  a  l a t e r  p o in t  in  th e  d is c u s s io n  s e c t io n  
(u n d er " E f f e c ts  o f  Time o f  T e s t  A d m in is t r a t io n  On C o g n itiv e  and S e n so ry -  
M otor T e s t  P e rfo rm an ce") .
42P erfo rm an ce  w ith  t h e  dom inant hand  was s u p e r io r  to  p erfo rm an ce  
w ith  th e  n o n -d o m in an t h an d . W hile su ch  ' r e s u l t s  w ould b e  r e a d i l y  e x p e c te d  
i n  a  no rm al p o p u la t io n ,  th e  p o s s ib le  e f f e c t s  o f  p e r ip h e r a l  n e u ro p a th y , 
t h e  l o c a t io n  o f  th e  a c c e s s  s i t e ( s )  and o t h e r  p o s s i b l e  p e r ip h e r a l  dam age, 
make su ch  a  p r e d i c t i o n  more te n u o u s  in  a  d i a l y s i s  p o p u la t io n .
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When th e  m ales  and fem a les  w ere g rouped  to g e th e r ,  n e i t h e r  a s i g n i f i c a n t
im provem ent from  Do-D,, n o r  a  s i g n i f i c a n t  r e g r e s s io n  from  D D ,  was
1  1  ^
se e n  on s t a t i s t i c a l  a n a l y s i s .
P erfo rm an ce  on th e  Speech  Sounds P e rc e p t io n  and Word F lu en cy  
t e s t s  im proved from  m i ld ly  in p a i r e d  on Do t o  w i th in  norm al l i m i t s  on 
D^. Im provem ents in  p e rfo rm a n ce  on Word F lu en cy  w ere n o t  s i g n i f i c a n t ,  
how ever. I f  th e  mean p e rfo rm a n c e s  f o r  Word F lu e n c y  on Do, D^ and D^ 
a r e  a v e ra g e d  ( s in c e  i t  i s  u n l ik e ly  t h a t  t h e r e  was a  s i g n i f i c a n t  p r a c t i c e  
e f f e c t ) , th e  mean s c o re  w ould f a l l  w i th in  th e  low end o f  th e  norm al 
r a n g e . F lu c tu a t io n s  i n  p e rfo rm a n ce  on Speech  Sounds P e rc e p t io n  w ere 
s i g n i f i c a n t ,  how ever, th e  d i f f e r e n c e  betw een  mean s c o re s  on b o th  Do and 
D^, and Do t o  D^ am ounted t o  b u t  one t e s t  i te m  (o u t o f  20) . (The d i f f e r e n c e  
be tw een  th e  mean D and D,_ s c o re s  was n o t  s i g n i f i c a n t . )  T hese  m inor 
f l u c tu a t i o n s  do n o t  a p p e a r  t o  be  c l i n i c a l l y  s i g n i f i c a n t .  W hile th e y  
c a n n o t b e  a c c o u n ted  f o r  b y  ch an g es  in  serum  c h e m is try  l e v e l s ,  i t  i s  
p o s s i b l e  t h a t  a  s l i g h t  p r a c t i c e  e f f e c t  was r e s p o n s ib le  f o r  th e  im prove­
m ent from  Do to  D ^. A f te r  D^, s u b je c ts  seemed t o  have re a c h e d  a  s t a b l e  
l e v e l  o f  re s p o n d in g . T h is  w i l l  be f u r t h e r  d i s c u s s e d  u n d er th e  " p r a c t i c e  
e f f e c t "  h y p o th e s is  l a t e r  in  t h i s  s e c t io n .
D ia ly s i s  p a t i e n t s  w ere c l e a r l y  im p a ire d  on Do, D  ^ and D2 in  th e  
fo llo w in g  a r e a s :  speed ed  v is u a l - m o to r  c o o r d in a t io n  (Grooved Pegboard)
and s t r e n g t h  o f  g r ip  (fem ale  dom inan t and n o n -d o m in a n t) . D e f i c i t s  in  
sp eed ed  v is u a l - m o to r  c o o r d in a t io n  (m ild ly  t o  m o d e ra te ly  im p a ired  on 
G rooved P egboard  d o m in an t tim e  i n ,  m o d e ra te ly  im p a ire d  on Grooved 
P egboard  non -d o m in an t t im e  i n ) .a p p e a r  to  be due t o  th e  e f f e c t s  o f
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p e r i p h e r a l  n e u ro p a th y . S u b je c ts  t y p i c a l l y  co m p la in ed  o f  numbness in  
t h e i r  f in g e r s ,  w ith  c o n se q u e n t d i f f i c u l t y  f e e l i n g  th e  p e g s . M ild 
im p airm en t i n  s t r e n g th  o f  g r ip  (fem ale  d o m in an t and  non-dom inan t) may 
a l s o  hav e  been due t o  th e  e f f e c t s  o f  n e u ro p a th y  and o th e r  p e r ip h e r a l  
p ro b le m s . A p o s s ib le  e x p la n a t io n  f o r  th e  m a le s ’ s u c c e s s  on 
g r ip  s t r e n g t h  was t h e i r  g r e a t e r  m u sc le  m as^  w hich  may have en ab led  
them  t o  overcom e th e  e f f e c t s  o f  p e r i p h e r a l  p ro b lem s a s  n o te d  ab o v e .
D ia ly s i s  p a t i e n t s '  mean p e rfo rm an c e  was a l s o  c l e a r l y  im p a ire d  on 
each  o f  Do, D  ^ and D^ i n  th e  fo llo w in g  a r e a s :  v i s u a l  s e a rc h  s k i l l s ,
v i s u a l  m o to r-p la n n in g  ( in v o lv in g  th e  a b i l i t y  t o  s w itc h  s e t )  and  v i s u a l  
m e m o ry .^  F o r exam ple, on T ra ilm a k in g  A and B s u b je c ts  had d i f f i c u l t y  
f in d in g  th e  a p p r o p r ia te  c i r c l e s  (even when th e y  knew w hich number o r  
l e t t e r  was r e q u i r e d ) . In  th e  c a s e  o f  T r a i l s  B s u b je c t s  had  g r e a t  
d i f f i c u l t y  s h i f t i n g  s e t  from  number to  l e t t e r  t o  num ber, e t c . 141* Ad-
14 3P erfo rm an ce  on T r a i l s  A was m o d e ra te ly  im p a ire d  on Do and 
m ild ly  im p a ire d  on D^ and D^. Im p a irm en ts  on D^ and D^ a re  e s p e c i a l l y  
s u r p r i s in g  c o n s id e r in g  th e  f a c t  t h a t  th e  same form  o f  T r a i l s  A was 
u sed  on Do, D^ and D^. P erfo rm an ce  on T r a i l s  B was s e v e r e ly  im p a ire d  
on each  o f  Do, D^ and P erfo rm an ce  on th e  B enton was m ild ly
im p a ire d  on  each  o f  Do, D^ and .
^ T h e  r e a d e r  i s  rem inded  o f  th e  d i a l y s i s  g r o u p 's  d i f f i c u l t y  on 
th e  D ig i t  Symbol T e s t .  Even in  th e  p r e s e n c e  o f  a  r e f e r e n c e  m odel, 
mean p e rfo rm an ce  was o u t s id e  o f  no rm al l i m i t s  on Do and b a r e ly  w ith in  
th e  low end o f  th e  norm al ran g e  on D^ and D^. The c o r r e l a t i o n  betw een
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d i t i o n a l l y ,  s u b je c t s  found th e  d i r e c t i o n s  f o r  T r a i l s  B d i f f i c u l t  to  
c o m p re h e n d ,d e sp ite  r e p e a te d  e x p la n a t io n s  on my p a r t .  Many s u b je c ts  
s a id  th e y  found  T r a i l s  B to  b e  th e  m ost d i f f i c u l t  o f  a l l  t e s t s  in  
th e  c o g n i t iv e  and s e n so ry -m o to r  b a t t e r y .  On th e  B enton  V isu a l 
R e te n t io n  T e s t ,a  t e s t i n g  o f  l i m i t s  s u g g e s te d  t h a t  th e  d i f f i c u l t y  was 
n o t  in  th e  v i s u o c o n s t r u c t iv e  a r e a ,  b u t  r a t h e r  was i n  th e  a r e a  o f  
v i s u a l  memory. When a  r e f e r e n c e  d raw in g  was p ro v id e d , w ith  no v i s u a l  
memory com ponent r e q u i r e d , s u b j e c t s  d e m o n s tra te d  l i t t l e  d i f f i c u l t y  on 
th e  t a s k .
The p ro n o u n ced  d i f f i c u l t y  s u c c e s s f u l ly  im p lem en tin g  a  p la n  r e ­
q u i r in g  th e  s w itc h in g  o f  s e t ,  a l th o u g h  n o t d e f i n i t i v e l y  s u g g e s t iv e  
o f  c e r e b r a l  im p a irm e n t, h a s  b een  a s s o c ia te d  w ith  p e rso n s  h a v in g  m ild  
c e r e b r a l  d y s fu n c t io n  o f  th e  a n t e r i o r  r e g io n .  S ub-norm al and b o r d e r ­
l i n e  im p airm en t on m o to r t a s k s ,  s p e c i f i c a l l y  th o s e  in v o lv in g  speeded  
f i n e  m o to r c o o r d in a t io n ,  a p p e a r  t o  b e  due t o  t h e  p re s e n c e  o f  n eu ro ­
p a th y  v a r io u s ly  m a n ife s te d  a s  num bness, t i n g l i n g  s e n s a t io n s  and  m ild  
d is c o m fo r t  o f  th e  w r i s t ,  fo re a rm  and  f in g e r s .
^ C o n t 'd .  .D i g i t  Symbol and T r a i l s  A and T r a i l s  B was p  = .005 
and p  = .003 r e s p e c t i v e l y  (D o). Im pairm en t on T r a i l s  B and D ig i t  
Symbol, w here th e  s w itc h in g  o f  s e t  i s  a  s t r o n g  com ponent o f  s u c c e s s ,  
p r o v id e s  s t r o n g  e v id e n c e  t h a t  d i a l y s i s  p a t i e n t s  g e n e r a l ly  w i l l  have 
d i f f i c u l t y  on t a s k s  r e q u i r in g  th e s e  s k i l l s .
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The r e s u l t s  s u g g e s t iv e  o f  c e r e b r a l  im p airm en t ( c i te d  a b o v e ) , 
a p p e a r  a t  f i r s t  g la n c e , to  c o n t r a d i c t  th e  f in d in g s  o f  Hagberg (1974) .
In  t e s t i n g  d i a l y s i s  p a t i e n t s  j u s t  p r i o r  t o  b e g in n in g  d i a l y s i s  and 
a g a in  s ix  and tw e lv e  m onths l a t e r ,  H agberg co n c lu d ed  t h a t  no s ig n s  o f  
c e r e b r a l  d y s fu n c t io n  w ere e v id e n t  a t  t h e  tw e lv e  m onth fo llo w -u p  t e s t i n g .  
H a g b e rg 's  b a t t e r y  a t  th e  tw e lv e  m onth fo l lo w -u p 1*5 was s u f f i c i e n t l y  
s c a n t  (com pared t o  th e  t e s t  b a t t e r y  u se d  in  th e  p r e s e n t  s tudy ), t h a t  th e  
d is c r e p a n c y  i n  r e s u l t s  i s  n o t  s u r p r i s i n g .  Of s in g u la r  e x c e p t io n ,  how­
e v e r ,  i s  th e  d i r e c t  c o n t r a d i c t i o n  i n  f in d in g s  on th e  B enton V is u a l  
R e te n t io n  T e s t .  H a g b e rg 's  sam ple s c o re d  w i th in  norm al l i m i t s ,  w h ile  th e  
p r e s e n t  s a n p le  s c o re d  in  th e  m ild ly  im p a ire d  r a n g e .  H a g b e rg 's  sam ple 
s i z e  d e c re a s e d  from  23 t o  16 s u b je c ts  a t  th e  12 m onth fo llo w -u p  t e s t i n g ,  
h o w e v e r , i t  i s  u n l ik e ly  t h a t  th e  m a jo r i ty  o f  s u b je c t s  who d ro p p ed  o u t 
w ere s i g n i f i c a n t l y  im p a ire d  on th e  B en ton . An im p o r ta n t  sam ple 
d i f f e r e n c e  betw een  th e  p r e s e n t  s tu d y  and t h a t  o f  Hagberg was th e  mean 
l e n g th  o f  t im e  on d i a l y s i s .  A t th e  12 m onth fo llo w -u p  t e s t i n g  a l l  o f  
H a g b e rg 's  s u b je c ts  w ere on h e m o d ia ly s is  f o r  12 m o n th s ,w h ile  th e  mean 
t im e  on d i a l y s i s  in  th e  p r e s e n t  s tu d y  was 3 9 .7  m onths (ran g e : 10-86
m onths) . W hile i t  i s  t h e o r e t i c a l l y  p o s s ib l e  t h a t  th e  d i f f e r e n c e  in  
mean tim e  on d i a l y s i s  may have b e en  r e s p o n s ib le  f o r  th e  d is c re p a n c y  in  
r e s u l t s  on th e  B enton , s t a t i s t i c a l  a n a ly s e s  do n o t  s u p p o r t  such  a 
h y p o th e s i s .  (P ea rso n  c o r r e l a t i o n  o f  tim e  on d i a l y s i s  w ith  each  c o g -
**5See p ag e  21 f o r  a  d i s c u s s io n  o f  H agberg (1974) .
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n i t i v e  and se n so ry -m o to r  t e s t  r e s u l t e d  i n  b u t  one s i g n i f i c a n t  c o r r e ­
l a t i o n .  )
D isc re p a n c y  on th e  B enton a s id e ,  w h ile  c o n c lu s io n s  i n  th e  p r e s e n t  
s tu d y  r e g a rd in g  p o s s ib l e  c e r e b r a l  im p airm en t a r e  by  no means d e f i n i t i v e ,  
H aigberg 's fo llo w -u p  t e s t i n g  a t  12 m onths la c k s  th e  co m p reh en siv en ess  
n e c e s s a ry  t o  re a c h  a  c o n c lu s io n  r e g a rd in g  th e  p re s e n c e  o r  a b se n c e  o f  
c e r e b r a l  im p a irm en t. L o n g itu d in a l  r e s e a r c h , e m p l o y i n g  a  com prehen­
s iv e  t e s t  b a t t e r y ,  w ould b e  h e l p f u l  in  c l a r i f y i n g  1) th e  p ro g re s s io n  o f  
c o g n i t iv e  and se n so ry -m o to r  p e rfo rm a n ce  a s  t im e  on d i a l y s i s  in c r e a s e s  
and 2) c o n c lu s io n s  r e g a rd in g  th e  p re s e n c e  a n d /o r  a b sen ce  o f  c e r e b r a l  
im p a irm e n t.
I t  i s  im p o r ta n t  t h a t  a m id s t th e  c o n tro v e rs y  o v e r  q u e s tio n s  o f  
c e r e b r a l  im p airm en t t h e  r e a d e r  n o t  lo s e  s i g h t  o f  th e  f a c t  t h a t  d i a l y s i s  
p a t i e n t s  who a r e  s t a b l e  and  " a d e q u a te ly "  d ia ly z e d  p e rfo rm  W ith in  th e  
n o rm al ran g e  on a  w ide v a r i e t y  o f  c o g n i t iv e  and se n so ry -m o to r  t e s t s .  
C o n s id e r in g  th e  w e l l  known f in d in g s  t h a t  u n d ia ly z e d  urem ic p a t i e n t s  
e x p e r ie n c e  c o g n i t iv e  and se n so ry -m o to r  im p a irm e n t^  t h i s  s tu d y  f u r t h e r  
d e m o n s tra te s  th e  b e n e f i c i a l  e f f e c t s  o f  h e m o d ia ly s is  on c o g n i t iv e  and 
s e n so ry -m o to r  f u n c t io n in g .
**6A c r o s s  s e c t io n a l  ty p e  o f  d e s ig n  w ould f a c i l l i t a t e  th e
co m p ariso n  o f  s e v e r a l  g ro u p s  o f  p a t i e n t s ,  d i f f e r r i n g  o n ly  i n  th e  le n g th  
o f  t im e  on d i a l y s i s .  T h is  w i l l  b e  d is c u s s e d  f u r t h e r  u n d er " S u g g e s tio n s
F o r F u r th e r  R e se a rc h ."
^ T h e  r e a d e r  i s  r e f e r r e d  to  p . 19 f o r  a  re v iew  o f  t h i s  a r e a  o f  th e
l i t e r a t u r e .
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E f f e c t s  o f  Time o f  T e s t  A d m in is t r a t io n  on C o g n itiv e  and Sensory-M otor 
T e s t  P erfo rm ance
A re v ie w  o f  T a b le  6 (A n a ly s is  o f  V a r ia n c e : C o g n itiv e  and S enso ry
M otor T e s ts )  r e v e a l s  t h a t  t h e r e  was a  s i g n i f i c a n t  d i f f e r e n c e  in  p e r ­
form ance, on a t  l e a s t  one o f  th e  t h r e e  p o s s ib le  day p a i r  com parisons 
(Do-D , D -D , Do-D ), f o r  11 o f  27 t e s t  m e a su re s . T ab le  7 (D uncan 's
X J. Z 6
M u lt ip le  Range T e s t)  i d e n t i f i e s  w hich  day  p a i r ( s )  w ere s i g n i f i c a n t  f o r  
e a c h  o f  t h e  11 t e s t  m e a su re s . Each p a i r  w i l l  b e  c o n s id e r e d 'in  d e t a i l  
b e lo w .
The day p a i r  co m p ariso n  w hich  m ost n e a r ly  s e r v e s  a s  an i n d ic a t io n  
o f  th e  p o s s ib l e  e f f e c t s  o f  ch an g es  in  serum  c h e m is try  on  c o g n tiv e  and 
s e n so ry -m o to r  t e s t  p e rfo rm an ce  i s  Do-Dl (p re  v s .  p o s t - d i a l y s i s  com par­
is o n )  . I t  i s  t h i s  co m p ariso n  w hich  r e f l e c t s  th e  g r e a t e s t  q u a n t i t a t i v e  
d i f f e r e n c e  in  in d iv id u a l  l e v e l s  o f  th e  v a r io u s  serum m easu res . The 
Do-D^ co m p ariso n  w i l l  th u s  b e  exam ined f i r s t .
Of th e  11 c o g n i t iv e  and  se n so ry -m o to r  t e s t  m easu re s  s i g n i f i c a n t  on 
a t  l e a s t  one d ay  p a i r  c o m p a r iso n ,se v e n  m ea su re s  showed a s i g n i f i c a n t  
d i f f e r e n c e  on th e  Do-D^ day  p a i r  ( a l l  im provem ents i n  p e rfo rm a n c e ) :
1) T ra ilm a k in g  A, 2) D i g i t  Symbol, 3) Speech Sounds P e rc e p t io n ,  4)
C o lo r  Naming Tim e, 5) G rooved P egboard  dom inan t tim e  i n ,  6) G rooved 
P egboard  n o n -d o m in an t tim e  i n ,  and 7) G rooved P egboard  dom inan t tim e  
o u t .  (These t e s t s  w i l l  be  r e f e r r e d  to  by th e  num bers j u s t  a s s ig n e d  
th ro u g h o u t  t h i s  c h a p te r . )  T ra ilm a k in g  A i s  n o t  c o n s id e re d  t o  b e  a  
l e g i t i m a t e  t e s t  m easu re  f o r  day  p a i r  co m p a riso n s . T h e  same form was 
u t i l i z e d  on a l l  t h r e e  d ay s  m aking i t  c l e a r l y  ■ s u s c e p t ib l e  t o  p r a c t i c e
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e f f e c t s .  T hus, s ix  v a r i a b l e s  s i g n i f i c a n t  on th e  Do-D^ com parison
rem ain  f o r  c o n s id e r a t io n .  Of th e s e  s ix  t e s t  v a r i a b l e s  (2 -7  a b o v e ) ,
none showed a s i g n i f i c a n t  r e g r e s s io n  on th e  D^“D2 c o m p a riso n . (Such a  
r e g r e s s io n  w ould t h e o r e t i c a l l y  b e  due t o  an in c r e a s e  i n  th e  l e v e l  o f  
to x ic  r e n a l  m e ta b o l i t e s  on D2 , r e s u l t i n g  i n  a  s i g n i f i c a n t  r e d u c t io n  i n  
th e  l e v e l  o f  th e  D p e rfo rm an c e  when com pared t o  D ) .  Each t e s t  m easure
*  X
showed a  s i g n i f i c a n t  d i f f e r e n c e  on th e  Do~D2 day p a i r  co m p ariso n , how­
e v e r .  1+8 The r e s u l t s  o f  t h e  s i g n i f i c a n t  d ay  p a i r  co m p ariso n s  w i l l  now 
b e  d i s c u s s e d .  T e s ts  2 , 3 , 5 , 6 , and 7 w i l l  b e  c o n s id e re d  f i r s t ,  fo llo w e d
by a  d i s c u s s io n  o f  t e s t  4 .
The s i g n i f i c a n t  d i f f e r e n c e  i n  p e rfo rm an ce  b e tw een  Do and and 
Do and D^ f o r  D i g i t  Sym bol, Speech Sounds P e r c e p t io n ,  Grooved P egboard  
dom inan t tim e  i n ,  G rooved P egboard  non-dom inan t tim e  in  and Grooved 
P eg b o ard  d o m inan t t im e  o u t  do n o t  a p p e a r  to  b e  due t o  a  s i g n i f i c a n t  
change in  serum  l e v e l s . 1+8 A c o n s id e r a t io n  o f  T a b le s  11 and 12 c o n -
It8The " n u l l i f i c a t i o n "  and  " p r a c t i c e  e f f e c t "  h y p o th e se s  w i l l  be  
p r e s e n te d  s h o r t l y ,  t o  a c c o u n t f o r  th e  D^“D2 Do-D2 P a^ r  com par­
i s o n  r e s u l t s .
**9The e v id e n c e  f o r  ch an g es in  c o g n i t iv e  and s e n so ry -m o to r  t e s t  
p e rfo rm an ce  b e in g  due t o  ch an g es  in  t h e  d is c o m fo r t  in d e x  o v e r  Do, D^ 
and D^ i s  a l s o  m in im a l. Spearman c o r r e l a t i o n  o f  th e  d isc c x n fo r t in d ex  
w ith , each  c o g n i t iv e  and s e n so ry -m o to r  m easu re  on Do, D^ and D^ r e s u l t e d  
i n  b u t  two o u t  o f  a  p o s s i b l e  81 s i g n i f i c a n t  c o r r e l a t i o n s  (p < .0 1 ) .
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f i rm s  t h i s .  Both th e  number and c o n s is te n c y  o f  s i g n i f i c a n t  c o r r e l a t i o n s  
be tw een  serum  l e v e l s  and  t e s t s  2 , 5, 6 , 7 in  T a b le  11 i s  s m a l l .  In  
T a b le  12 no s i g n i f i c a n t  d i f f e r e n c e  s c o re  c o r r e l a t i o n s  a re  seen  on th e  
c r i t i c a l  Do-D^ c o m p a riso n . The change in  serum  l e v e l s  and t e s t  s c o re s  
was g e n e r a l ly  s u f f i c i e n t l y  l a r g e  t h a t , i f  s i g n i f i c a n t  c o r r e l a t i o n s  w ere 
p r e s e n t , t h e y  w ould have b een  o b se rv e d  on s t a t i s t i c a l  a n a l y s i s .
The s i g n i f i c a n t  d i f f e r e n c e  in  p e rfo rm an c e  b e tw een  Do and on 
D ig i t  Sym bol, and G rooved P egboard  (dom inant tim e  i n ,  n o n-dom inan t tim e  
i n ,  dom inan t tim e  o u t)  w i l l  now b e  c o n s id e r e d .  A c a r e f u l  
c o n s id e r a t io n  o f  t h e  mean t e s t  s c o re s  in  T a b le  7 f o r  th e  above t e s t s ,  
shows t h a t  s u b je c t s  c o n tin u e d  to  im prove on each  t e s t  a d m in is t r a t io n  
(Do, D and D ) .  The im provem ent on t e s t  s c o r e s  f o r  Grooved P egboard
J .  M
was m ost p ro b a b ly  due t o  t h e  d i a l y s i s  p a t i e n t s  a b i l i t y  to  im plem ent a  
s t r a t e g y  w hich  s u c c e s s f u l ly  overcam e th e  e f f e c t s  o f  p e r ip h e r a l  n eu ro ­
p a th y ,  e s p e c i a l l y  num bness. As one s u b je c t  s t a t e d ,  " I t  to o k  me a  long  
t im e  t o  l e a r n  how t o  do t h i s  t e s t " . T h is  s u g g e s ts  t h a t  an even lo n g e r  
p r a c t i c e  t r i a l ,  th a n  was p ro v id e d , was n e c e s s a ry  f o r  s u b je c ts  to  re a c h  a  
s t a b l e  l e v e l  o f  r e s p o n d in g . D e s p ite  s i g n i f i c a n t  im provem ents from  
Do-D  and  Do**D2 f o r  G rooved P egboard  (dom inan t tim e  i n  and non-dom inan t 
tim e  in )  p e rfo rm a n c e s  on D^ and D^ w ere  s t i l l  in  th e  im p a ire d  ra n g e .
S i g n i f i c a n t  d i f f e r e n c e s  betw een  Do-D^, and Do-D^/ f o r  D ig i t  Symbol 
a l s o  a p p e a r  to  b e  due t o  a  p r a c t i c e  e f f e c t .  As n o te d  p r e v io u s ly ,  
s u b je c t s  had  d i f f i c u l t y  b o th  s w itc h in g  s e t  and  u t i l i z i n g  memory f o r  
p u rp o se s  o f  sym bol a s s o c i a t i o n .  By D ^ /s u b je c ts  seemed t o  have re a c h e d  
a  s t a b l e  th r e s h o ld  o f  r e s p o n d in g . W hile  th e y  c o n tin u e d  t o  im prove on 
D^, d i f f e r e n c e s  b e tw een  D^ and D^ w ere n o t  s i g n i f i c a n t .  Even w ith
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s i g n i f i c a n t  im provem ents from  Do -  and  Do ,p e rfo rm a n c e s  on
D^ and D^ w ere s t i l l  b a r e ly  w i th in  th e  no rm al ran g e  on t h e  D ig i t
Symbol T e s t .  S i g n i f i c a n t  d i f f e r e n c e s  on Speech Sounds P e rc e p t io n  
w i l l  b e  c o n s id e re d  b e lo w .
The q u e s t io n  o f  why no s i g n i f i c a n t  r e g r e s s i o n  o c c u r re d  on th e  
D^-D^ day  p a i r  c o m p a riso n , when s i g n i f i c a n t  d i f f e r e n c e s  o c c u r re d  
b e tw een  Do-D^, and Do-D 2, on t e s t s  2 , 3 , 5 , 6 , and  7, m ust be  c o n s id e re d .
Two h y p o th e se s  w i l l  b e  o f f e r r e d .  The f i r s t  i s  te rm e d  t h e  " n u l l i f i c a t i o n "  
h y p o th e s is  and th e  seco n d  th e  " p r a c t i c e  e f f e c t "  h y p o th e s i s .  The n u l l i ­
f i c a t i o n  h y p o th e s is  w i l l  be  c o n s id e re d  f i r s t .
I t  c o n c e iv a b ly  c o u ld  b e  a rg u e d  t h a t  th e r e  w ould h av e  been  a  r e ­
g r e s s io n  in  p e rfo rm a n c e  from  D^ to  D2 (due t o  t h e  in c r e a s in g  b u i ld u p  o f
t o x i c  r e n a l  m e ta b o l i t e s )  had  th e r e  b een  no p r a c t i c e  e f f e c t s .  Such an
arg u m en t w ould c o n c lu d e  t h a t  th e  t h e o r e t i c a l  r e g r e s s io n  on D,,, due t o  
th e  in c r e a s in g  b u i ld u p  o f  t o x i n s ,  was n u l l i f i e d  b y  a  p r a c t i c e  e f f e c t ,  
and  t h e r e f o r e  was n o t  s t a t i s t i c a l l y  o b v io u s . T h is  a rg u m en t d e s e rv e s  
s e r io u s  c o n s id e r a t i o n .
In  o r d e r  f o r  th e  n u l l i f i c a t i o n  h y p o th e s is  t o  b e  c r e d ib l e ,  i t  m ust 
b e  d e m o n s tra te d  t h a t  a  d e c r e a s e  in  th e  l e v e l s  o f  t o x i c  r e n a l  m e ta b o l i t e s  
w as s i g n i f i c a n t l y  c o r r e l a t e d  w ith  a n  im provem ent in  p e rfo rm a n c e  l e v e l s  
on p s y c h o lo g ic a l  t e s t i n g .  In  o th e r  w o rd s, i f  p e rfo rm a n c e  l e v e l s  sh o u ld  
d e c r e a s e  due t o  a  b u i ld u p  o f  to x i c  r e n a l  m e ta b o l i t e s  (from  D^ t o  D2) , 
th e n  p e rfo rm a n c e  l e v e l s  s h o u ld  im prove due to  a  r e d u c t io n  i n  th e  l e v e l s  
o f  t o x i c  r e n a l  m e ta b o l i t e s  (from  Do t o  D ^ ) . E v id e n c e  t h a t  a  r e d u c t io n  
i n  t h e  l e v e l s  o f  t o x i c  r e n a l  m e ta b o l i t e s  w as s i g n i f i c a n t l y  c o r r e l a t e d
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w ith  a n  im provem ent i n  t e s t  p e rfo rm a n c e  i s  la c k in g  (a s  p r e v io u s ly  
d e m o n s tra te d )  . S in c e  th e  s i g n i f i c a n t  d e c re a s e  in  th e  l e v e l s  o f  t o x ic  
r e n a l  m e ta b o l i t e s  was n o t  s i g n i f i c a n t l y  c o r r e l a t e d ,  on a c o n s i s t e n t  
b a s i s ,  w i th  a  s i g n i f i c a n t  im provem ent in  p e rfo rm a n c e , th e n  i t  c a n h o t
b e  c r e d i b l y  a rg u ed  t h a t  a  s i g n i f i c a n t  in c r e a s e  in  to x ic  r e n a l  m e ta b o -  
• l i te s _  c a u se d  a  d e c l i n e  i n  p e rfo rm a n c e . T hus, t h e  n u l l i f i c a t i o n  hy­
p o t h e s i s  f a i l s  t o  b e  s u p p o r te d .
A c o n s id e r a t i o n  o f  t h e  " p r a c t i c e  e f f e c t "  h y p o th e s is  fo llo w s  n e x t .  
T h is  h y p o th e s is  p resum es t h a t  e f f e c t s  on p e rfo rm an ce , due t o  ch an g es  in  
serum  le v e l s /w e r e  m in im al o r  n o n - e x i s t e n t ,  a  p re su m p tio n  w hich  was 
s u p p o r te d  a b o v e . The p r a c t i c e  e f f e c t  h y p o th e s is  a rg u e s  t h a t  th e  
r e a s o n  th e r e  was no s i g n i f i c a n t  d i f f e r e n c e  b e tw een  and  D2 ( d e s p i te  
s i g n i f i c a n t  d i f f e r e n c e s  b e tw een  Do and  D^ and  Do and D^J/Was t h a t  
a f t e r  c o m p le tin g  th e  D^ t e s t i n g  ( t e s t s  2 , 3 , 5 , 6 , and 7), s u b je c t s  
h ad  a c h ie v e d  a  r e l a t i v e l y  s t a b l e  l e v e l  o f  p e rfo rm a n c e . A lth o u g h  th e y  
c o n t in u e d  to  im prove on D^, i t  was n o t  a  s i g n i f i c a n t  im provem ent. In  
o t h e r  w ords, th e  a s su m p tio n  t h a t  th e  p r a c t i c e  p e r io d  on Do w ould  be  
s u f f i c i e n t  to  e l im in a te  p r a c t i c e  e f f e c t s  was m is ta k e n .  I t  was n o t  
u n t i l  a f t e r  t h e  D^ p e rfo rm a n c e  t h a t  s t a b l e  l e v e l s  o f  p e rfo rm a n c e  w ere  
f i n a l l y  a c h ie v e d .  T hus, when th e  d i “ d 2 ^ ay p a i r  co m p ariso n  was c a l ­
c u la te d ^  no s i g n i f i c a n t  d i f f e r e n c e s  w ere  fo u n d . When, how ever, Do was 
com pared  t o  D^r a  s i g n i f i c a n t  d i f f e r e n c e  was n a t u r a l l y  o b se rv e d  s in c e  
i f  t h e  Do-D c o m p ariso n  was s ig n i f i c a n t^  th e  Do-D co m p ariso n  m ust
•L ^
a l s o  h av e  b een  ( s in c e  D^ was g r e a t e r  th a n  D^) .
The p r a c t i c e  e f f e c t  h y p o th e s is  a p p e a r s  to  be  th e  m ost r e a s o n a b le
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e x p la n a tio n  f o r  th e  ab sen ce  o f  a  s i g n i f i c a n t  r e g re s s io n  betw een 
and f o r  t e s t  2 , 3, 5, 6 , 7 . The n a tu re  o f  D ig i t  Symbol and 
Grooved Pegboard (dom inant tim e  in ,  non-dom inant tim e in  and dom inant 
tim e  o u t ) , a lo n g  w ith  th e  s p e c i f i c  d i f f i c u l t i e s  t h a t  d i a l y s i s  
p a t i e n t s  e n co u n te red  on th e s e  ta s k s  (d is c u s se d  p r e v io u s ly ) , su p p o rt 
t h i s  c o n c lu s io n . As n o ted  p re v io u s ly ,  th e  s t a t i s t i c a l l y  s ig n i f i c a n t  
d i f f e r e n c e s  betw een mean s c o re s  and on th e  Speech Sounds P e rc e p tio n
T e s t  do es  n o t  ap p ear to  be c l i n i c a l l y  s i g n i f i c a n t ,  ( th e  d i f f e r e n c e s  b e ­
tw een s c o re s  on and Dq “°2  amounted t o  b u t one t e s t  i te m .)  I t  i s
q u i t e  p o s s ib le  t h a t  g iv e n  th e  n o v e l n a tu r e  o f  t h i s  t a s k ,  a  s l i g h t  p r a c t i c e  
e f f e c t  o c c u rre d  on th e  second t e s t  a d m in is t r a t io n  (D ^), c a u s in g  th e  s i g ­
n i f i c a n t  im provem ent from t o  D^. (A lthough th e  sc o re  on D2 was n o t  
s i g n i f i c a n t l y  d i f f e r e n t  from D th e  f a c t  t h a t  th e  s c o re  on D was l a r g e rX *
th a n  th e  s c o re  on a cc o u n ts  f o r  th e  s i g n i f i c a n t  d i f f e r e n c e  betw een th e  mean
s c o re s  on and D .)0 2
Based upon th e  n a tu r e  o f  th e  C o lo r Naming T e s t  i t  i s  u n l ik e ly  t h a t  th e
s i g n i f i c a n t  d i f f e r e n c e  betw een and was due to  a p r a c t i c e  e f f e c t .  (The
p r a c t i c e  t r i a l s  on t h i s  t e s t  would ap p ea r  to  be s u f f i c i e n t  to  a llo w  s u b je c ts
t o  a c h ie v e  a  s ta b l e  l e v e l  o f  re sp o n d in g .)  I t  i s  a l s o  u n l ik e ly ,  however,
49t h a t  th e  d i f f e r e n c e  was due to  changes in  serum  l e v e l s .  T h is  c o n c lu s io n
i s  su p p o rte d  by th e  d a ta  in  T a b le s  11 and 12 . The s ig n i f i c a n t  d i f f e r e n c e
s c o re  c o r r e l a t i o n  in  T ab le  12 (d im ethy lam ine ph>10 w ith  C o lo r Naming
Time (Dq- 0 -^ ) m ost p ro b a b ly  was due t o  chance f a c to r s  as t h i s  c o r r e l a t i o n  d id
n o t  a l s o  o ccu r on th e  D -D com parison  . A d d i t io n a l ly  th e  r e l a t e d  am ine, t r i -
1 2
m ethy lam ine , was n o t s ig n i f i c a n t l y  c o r r e l a t e d  w ith  C olor Namimg Tim e. No ex­
p la n a t io n  f o r  s i g n i f i c a n t  im provem ents on th e  and Di “D2 comPa r i s°n s  and th e
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a b s e n c e  o f  a  s i g n i f i c a n t  r e g r e s s i o n  on t h e  comP a r is o n  im m e d ia te ly
o b v io u s .  I f  th e  a s su m p tio n  t h a t  a  p r a c t i c e  e f f e c t  w as n o t  r e s p o n s ib le  
f o r  s i g n i f i c a n t  im p ro v em en ts  i n  t e s t  p e rfo rm a n c e  (from  Do-D^ an d  Do-D2 > 
i s  i n c o r r e c t ,  th e n  t h e  p r a c t i c e  e f f e c t  h y p o th e s is  ( e x p la in e d  above) 
w ould  r e a d i l y  a c c o u n t f o r  b o th  t h e  s i g n i f i c a n t  im provem ents an d  th e  
a b se n c e  o f  a  s i g n i f i c a n t  r e g r e s s i o n  (D1 “D2  ^ • Tlie p r e s e n c e  o f  a  p r a c t i c e  
e f f e c t  a p p e a r s  u n l i k e l y ,  h o w e v e r .
In  summary,, c h a n g e s  i n  th o s e  serum  c h e m is t r y  v a r i a b l e s  m o n ito re d
a c r o s s  Do, D^, and  do  n o t  a p p e a r  t o  b e  r e s p o n s ib le  f o r  s i g n i f i c a n t
c h a n g e s  i n  p e rfo rm a n c e  on D i g i t  Sym bol, C o lo r  Naming Tim e, S peech
Sounds P e r c e p t io n ,  G rooved P eg b o ard  d o m in a n t tim e  i n ,  G rooved P egboard
n o n -d o m in a n t t im e  i n  and  G rooved P eg b o ard  d o m in an t tim e  o u t .  Changes
i n  serum  c h e m is try  d id  n o t  s i g n i f i c a n t l y  a f f e c t  p e rfo rm a n c e  o f  t e s t s
1-1 .6  o f  T a b le  6 : no s i g n i f i c a n t  d i f f e r e n c e s  a c r o s s  Do, D^ and  D2 w ere
fo u n d . The re m a in in g  f i v e  m e a su re s  ( D ig i t  Span F o rw ard , C o lo r  Namimg
E r r o r ,  Q u ick  T e s t ,  F in g e r  T a p p in g  n o n -d o m in a n t and  T r a i l s  A) w ere  a l s o
u n a f f e c te d  b y  ch an g es  i n  serum  c h e m is t r y ,  s in c e  w i th  th e  e x c e p t io n  o f  
50T r a i l s  A, n o  s i g n i f i c a n t  d i f f e r e n c e  in  p e rfo rm a n c e  on th e  Do-D^ and 
D ^-d ^ c o m p a riso n s  was o b s e rv e d .
T h u s , when a l l  tw e n ty - s e v e n  t e s t  m e asu res  a r e  ta k e n  in t o  a c c o u n t ,  
c h a n g e s  in  th o s e  serum  c h e m is t r y  l e v e l s  m o n ito re d  o v e r  Do, D^ and  D^
50 T ra i lm a k in g  A was n o t  a  l e g i t i m a t e  m easu re  f o r  d ay  p a i r  c o m p ari­
s o n s ,  s in c e  th e  same fo rm  w as u se d  on Do, D^ an d  D ^. Of n o te  h e r e ,  how ever, 
i s  th&  f a c t  t h a t  d e s p i t e  r e p e a te d  u se  o f  th®  same form  o f  T r a i l s  A, 
p e r fo rm a n c e  on t h e  t h i r d  t r i a l  (D2 ) was w i th in  t h e  m i ld ly  im p a ire d  r a n g e .
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a p p e a r  to  have had a m in im al e f f e c t  on  t e s t  p e r fo rm a n c e .51 The same 
may b e  s a id  o f  t h e  d is c o m fo r t  in d e x . Spearman c o r r e l a t i o n  o f  th e  
d is c o m fo r t  in d e x  w ith  each  c o g n i t iv e  and s e n so ry -m o to r  m easu re  on 
Do, and  D^, r e s u l t e d  i n  b u t  two s i g n i f i c a n t  c o r r e l a t i o n s  (below  
t h a t  w h ich  w ould be e x p e c te d  by c h a n c e .)  F i n a l l y ,  th e  p r a c t i c e  e f f e c t  
h y p o th e s is  a p p e a rs  t o  e x p la in  f l u c t u a t i o n s  in  p e rfo rm an ce  f o r  D ig i t  
Sym bol, G rooved P eg b o ard  and Speech Sounds P e r c e p t io n ,  w h ile  f l u c tu a t i o n s  
i n  p e rfo rm a n c e  f o r  C o lo r  Naming Time rem ain  u n e x p la in e d . The p r e d i c t io n  
t h a t  p e rfo rm an ce  on F in g e r  T app ing  w ould s i g n i f i c a n t l y  im prove a f t e r  
h e m o d ia ly s is  and th e n  e v id e n c e  a  s i g n i f i c a n t  r e g r e s s io n  p r i o r  to  th e  
n e x t  d i a l y s i s ,  was u n s u p p o r te d .
A co m p ariso n  o f  th e  r e s u l t s  o f  th e  p r e s e n t  s tu d y  w ith  th o s e  o f  
p r i o r  r e s e a r c h ,  p o i n t s  t o  s e v e r a l  d i s c r e p a n c ie s .  S pehr e t  a l .  (1 9 7 7 ), 
i n  a d m in is te r in g  c o g n i t iv e  and s e n so ry -m o to r  t e s t s  to  lo n g  term  m a in ten an ce  
h e m o d ia ly s is ,  p a t i e n t s ,  found  t h a t  a f t e r  h e m o d ia ly s is  th e r e  was a  s i g n i f ­
i c a n t  im provem ent in  m axim al ta p p in g  sp eed  ( r e p e t iv iv e  p r e s s in g  o f  a  
b u t to n )  and  v i s u a l  d i s c r im in a t io n  and memory ( a s s e s s e d  b y  t a c h i s to s c o p ic  
p r e s e n t a t i o n  o f  num bers w ith  v a r i a b l e  p r e s e n t a t i o n  t im e ) .  V is u a l  d i s ­
c r im in a t io n  and memory im proved a f t e r  h e m o d ia ly s is ,  p a r a l l e l  to  th e  
d e c re a s e  o f  BUN, p o ta s s iu m  and c r e a t i n i n e .  Ginn (1 9 7 3 ), T eschan  e t  a l .  
(1974) and G inn (1975) r e p o r t e d  t h a t  r e g a r d l e s s  o f  t h e  a b s o lu te  v a lu e
s l Had s u b je c ts  b een  t e s t e d  im m e d ia te ly  p o s t - d i a l y s i s ,  ch an g es  in  
serum  c h e m is try  may have c au se d  s i g n i f i c a n t  ch an g es  in  t e s t  p e rfo rm a n c e . 
The a u th o r ,  how ever, ch o se  to  w a i t  a  p e r io d  o f  20 h o u rs  t o  a llo w  f o r  
p o s s i b l e  d i s e q u i l ib r iu m ,  f a t i g u e  f a c t o r s ,  e t c .  t o  w ear o f f .
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o f  t h e  p r e - d i a l y s i s  (Do) l e v e l  o f  p erfo rm an ce  on th e  A u d ito ry  S h o rt 
Term Memory T e s t ,  s u b je c t s  showed a tem p o ra ry  im provem ent in  l e v e l  o f  
p e rfo rm an c e  (p < .01) on  th e  m orning  fo llo w in g  d i a l y s i s  (D^), and a 
r e g r e s s io n  t o  a  lo w er l e v e l  o f  p e rfo rm an ce  j u s t  p r i o r  t o  th e  n e x t 
d i a l y s i s  (p < .0 1 ) .
F o r p u rp o se s  o f  co m p ariso n ,m ax im al r e p e t i t i v e  p r e s s in g  o f  a  
b u t to n  w i l l  be e q u a te d  w i th  F in g e r  T ap p in g . W ith in  t h e  b a t t e r y  em ployed 
i n  th e  p r e s e n t  s tu d y  no c l e a r  e q u iv a le n ts  e x i s t  f o r  t h e  V is u a l  D isc rim ­
i n a t io n  and Memory T a sk . F o r  p u rp o se s  o f  co m p ariso n  w i th  th e  A u d ito ry  
S h o r t Term Memory T e s t ,  S peech  Sounds P e rc e p t io n  and  S e ash o re  Rhythm 
w i l l  be used  a s  v e ry  ro u g h  eq u iv a len ts^ , s in c e  b o th  h av e  an  a u d i to ry  
memory com ponent. (S e a sh o re  Rhythm r e q u i r e s  m ore o f  a  memory com ponent 
th a n  d o es  Speach Sounds P e r c e p t io n .)  The p r e s e n t  r e s e a r c h  do es  n o t 
s u p p o r t  a  s i g n i f i c a n t  im provem ent in  m axim al ta p p in g  sp eed  when p re  
an d  p o s t - d i a l y s i s  p e rfo rm a n c e s  a r e  com pared . When Speech Sounds
P e r c e p t io n  and S e a sh o re  Rhythm a r e  com pared to  th e  r e s u l t s  o f  th e  
A u d ito ry  S h o r t  Term Memory T e s t, o n ly  p a r t i a l  s u p p o r t  i s  p r e s e n t .  W hile 
t h e r e  w ere no s i g n i f i c a n t  d i f f e r e n c e s  a c r o s s  Do, D^ and D2 f o r  S eash o re  
Rhythm, s i g n i f i c a n t  d i f f e r e n c e s  p r e  and p o s t - d i a l y s i s  d id  o c c u r  on th e  
Speech Sounds P e r c e p t io n  T e s t . 52 No r e g r e s s io n  on Di “ D2 was s e e n '
52T h is  f in d in g  i s  o f  much l e s s  s ig n i f i c a n c e  th a n  w ould b e  t h e  c a s e  
i f  S e a sh o re  Rhythm had  shown a s i g n i f i c a n t  d i f f e r e n c e  betw een  Do and D2 
C since S ea sh o re  Rhythm i s  a  much c l o s e r  e q u iv a le n t  t o  th e  A u d ito ry  S h o r t  
Term Memory T e s t  th a n  i s  Speech  Sounds P e r c e p t io n .)  A d d i t io n a l ly ,  w h ile
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how ever. The a u th o rs  (G inn, T eschan  e t  a l . )  co n c lu d ed  t h a t  changes 
i n  l e v e l s  o f  p e rfo rm an ce  f o r  th e  A u d ito ry  S h o r t Term Memory T e s t ,  
a c r o s s  Do, and D2, w ere due t o  changes in  serum  c h e m is try . No 
e v id en ce , i n  s u p p o r t  o f  t h i s  c o n c lu s io n , was found  f o r  any o f  th e  
a u d i to r y  t e s t s  u t i l i z e d  in  th e  p r e s e n t  s tu d y .
T hus, th e  a s p e c t  o f  t h e  p r e s e n t  r e s e a r c h  c o n c e rn in g  th e  e f f e c t s  
o f  h e m o d ia ly s is  on c o g n i t iv e  and se n so ry -m o to r  fu n c tio n in g , le n d s  l i t t l e  
o r  no s u p p o r t  t o  p r i o r  r e s e a r c h  f in d in g s .  C ross s tu d y  com parisons 
rem a in  q u i t e  u n e x a c tin g , how ever, s in c e  one c a n n o t b e  c e r t a i n  t h a t  th e  
d i s c r e p a n t  r e s u l t s  among s tu d i e s  do n o t d e r iv e  from  d i f f e r r i n g ,  b u t  
unknown m e th o d o lo g ic a l f a c t o r s . I t  i s  f o r  t h i s  re a so n  t h a t  a v e ry  
d e t a i l e d  s p e c i f i c a t i o n  o f  sam ple c h a r a c t e r i s t i c s ,  m e th o d o lo g ic a l 
p ro c e d u re s ,  e t c . ,  so  o f te n  n e g le c te d  in  r e s e a r c h  p u b l ic a t io n s ,  i s  a b ­
s o lu t e l y  e s s e n t i a l  in  h e lp in g  th e  r e s e a r c h e r  d e te rm in e  th e  o r ig i n  o f  
th e  v a r ia n c e  in  d i s c r e p a n t  r e s u l t s . I n d iv id u a l  e x a c t in g  r e p l i c a t i o n  
s tu d i e s  would b e  h e lp f u l  in  d e te rm in in g  th e  v a l i d i t y  o f  p r i o r  r e s e a r c h  
i n v e s t i g a t i o n s .  A lthough  su ch  s tu d ie s  would n o t  a c c o u n t f o r  c ro s s  
s tu d y  d i f f e r e n c e s ,  c l e a r l y  d e f in e d  f in d in g s ,  w hich w ith s ta n d  th e  t e s t  
o f  r e p l i c a t i o n ,  would become p a r t  o f  an expanding  know ledge b a s e .
S u g g e s tio n s  F o r F u r th e r  R esea rch
Many q u e s t io n s  p e r t a i n in g  t o  th e  c o g n i t iv e  and se n so ry -m o to r
^ C o n t 'd .  . t h e  d i f f e r e n c e  betw een  (Do-D^) and (Do-D2) was s t a t i s ­
t i c a l l y  s i g n i f i c a n t ,  i t s  c l i n i c a l  s ig n i f i c a n c e  i s  q u e s t io n a b le .
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f u n c t io n in g  o f  th e  c h ro n ic  h e m o d ia ly s is  p a t i e n t  rem ain  unansw ered .
The fo llo w in g  r e s e a r c h  p r o p o s a ls  a re  o f f e r r e d  t o  h e lp  a t t a i n  more 
c l a r i t y  i n  a r e a s  in  w hich  th e r e  a r e  d i s c r e p a n t  r e s u l t s  and t o  make 
in ro a d s  i n t o  th o s e  a r e a s  w hich  a r e  a s  y e t  u n e x p lo re d .
R esea rch  m e th o d o lo g ie s  u t i l i z i n g  lo n g i tu d in a l  d e s ig n s  have s tro n g  
p o t e n t i a l  in  h e lp in g  t o  r e s o lv e  q u e s t io n s  c o n c e rn in g  t h e  e f f e c t s  o f  
h e m o d ia ly s is  on c o g n i t iv e  and se n so ry -m o to r  f u n c t io n in g .  The m ost 
im p o r ta n t  s in g le  f a c t o r  in  such  lo n g i tu d in a l  r e s e a r c h  i s  th e  u se  o f  a 
com prehensive  t e s t  b a t t e r y ,  s e n s i t i v e  t o  c e r e b r a l  im p a irm en t. The use  
o f  such  n e u ro p s y c h o lo g ic a l  t e s t s  i s  com prom ised in  s tu d i e s  u t i l i z i n g  a 
c l a s s i c a l  l o n g i tu d in a l  d e s ig n , s in c e  o n ly  t e s t  in s tru m e n ts  am enable t o  
r e p e a te d  a d m in is t r a t io n s  w ith  m inim al p r a c t i c e  e f f e c t s ,  o r  th o s e  w ith  
s e v e r a l  a l t e r n a t e  fo rm s, may be em ployed. The c l a s s i c a l  lo n g i tu d in a l  
d e s ig n  d o e s , how ever, have c e r t a i n  ad v a n ta g e s  o v e r  th e  c r o s s  s e c t io n a l  
d e s ig n .  T^e  fo rm er d o es  n o t  r e q u i r e  t h a t  d i f f e r e n t  t r e a tm e n t  g roups 
be fo rm ed . T h is  e l im in a te s  a  so u rce  o f  p o s s ib le  unw anted v a r ia n c e ,  
w hich may d e r iv e  from b e tw een -g ro u p  d i f f e r e n c e s  w hich  a r e  n o t  w e ll 
c o n t r o l l e d  f o r .
In  u t i l i z i n g  th e  c l a s s i c a l  lo n g i tu d in a l  d e s ig n  t o  a s s e s s  c o g n i t iv e  
and s e n so ry -m o to r  f u n c t io n in g , p r i o r  to  commencing d i a l y s i s  and a g a in  
a t  v a r io u s  p o in t s  t h e r e a f t e r 53 ( e . g . ,  0 ,  6 , 12 m o n th s) , i t  i s  im per­
53T h is  m ethod was em ployed by Hagberg ( 1 9 7 4 ) . (See p .  2 1 .)  H is 
r e s u l t s  w ere com prom ised, however, th ro u g h  th e  u se  o f  a  p s y c h o lo g ic a l  
t e s t  b a t t e r y  la c k in g  in  th e  co m p reh en siv en ess  n e c e s s a ry  t o  p ro p e r ly  
a s s e s s  c e r e b r a l  im p a irm e n t.
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a t i v e  t h a t  1) th e  same b a t t e r y  be  u t i l i z e d  a t  each  t e s t  a d m in is t r a t io n  
and 2) t h a t  th e  tim e  o f  b o th  p o s t - d i a l y s i s  t e s t  s e s s io n s  (6 and 12 
m onths) b e  th e  same. (S u b je c ts  m ig h t be  t e s t e d  midweek, 20 h o u rs  
p o s t - d i a l y s i s  a t  b o th  th e  6 and 12 m onth t e s t  a d m in i s t r a t i o n s .  T h is  
l a t t e r  r e q u ire m e n t in c r e a s e s  th e  l ik e l ih o o d  o f  o b ta in in g  s im i l a r  
serum  c h e m is try  p r o f i l e s ,  th e r e b y  d e c re a s in g  a  p o t e n t i a l  so u rc e  o f  
unw anted  v a r i a n c e . )  P e rfo rm an ce s  a t  0 , 6 , and 12 m onths w ould be  
com pared b o th  f o r  s i g n i f i c a n t  d i f f e r e n c e s  and f o r  l e v e l s  o f  im p airm en t. 
P r a c t i c e  e f f e c t s  w ould b e  m in im ized  th ro u g h  t h e  u se  o f  a l t e r n a t e  t e s t  
fo rm s and  by  t h e  6 m onth tim e  sp an  betw een  t e s t  s e s s io n s .  A s u b je c t iv e  
r a t i n g  s c a l e  ( s im i l a r  t o  t h a t  em ployed in  th e  p r e s e n t  s tu d y )  w ould be  
u t i l i z e d  to  i d e n t i f y  ch an g es  in  s e l f  p e r c e p t io n  o f  p s y c h o lo g ic a l  and 
m e d ic a l  s t a t e s ,  a c r o s s  t e s t  a d m in i s t r a t i o n s .  A n a ly se s , s im i l a r  t o  th o s e  
p e rfo rm ed  in  th e  p r e s e n t  s tu d y , w ould be em ployed t o  d e te rm in e  i f  p o s s ib le  
c h a n g e s  i n  p e r c e iv e d  p s y c h o lo g ic a l  and m e d ic a l s t a t e s  w ere a  s i g n i f i c a n t  
so u rc e  o f  v a r i a n c e .  P a r a l l e l  t o  each  p s y c h o lo g ic a l  t e s t  s e s s io n  (0 , 6 ,
12 m onths) an e le c tro e n c e p h a lo g ra p h  r e c o rd in g ,  n e rv e  c o n d u c tio n  
e v a lu a t io n  and serum  c h e m is try  p r o f i l e  w ould b e  a d m in is te r e d  and  
c o r r e l a t e d  w ith  th e  r e s u l t s  o f  c o g n i t iv e  and s e n so ry -m o to r  t e s t  p e rfo rm ­
a n c e .
An a l t e r n a t i v e  t o  t e s t i n g  p a t i e n t s  s e r i a l l y  a t  0 , 6 and  12 m onths 
p o s t - d i a l y s i s  l i e s  i n  t h e  u se  o f  a  c r o s s  s e c t i o n a l  tv p e  d e s ig n .
I n  t h i s  d e s ig n , s e v e r a l  t r e a tm e n t  g ro u p s , e ac h  d i f f e r i n g  in  t h e  number 
o f  m onths on d i a l y s i s  ( e . g . ,  0 , 3 , 6 , 12 , 18 m onths p o s t - d i a l y s i s ) ,  
w ould be  a d m in is te re d  a  b a t t e r y  a s s e s s in g  c o g n i t iv e  and s e n so ry -m o to r
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fu n c t io n in g .  C om parisons a c r o s s  g ro u p s  w ould p ro v id e  d a ta  r e l a t i n g  
th e  e f f e c t s  o f  t im e  on d i a l y s i s  and c o g n i t iv e  and se n so ry -m o to r  f u n c t io n ­
in g .  L im i ta t io n s  i n  t h e  num ber o f  t r e a tm e n t  g ro u p s  w ould d e r iv e  from  
s u b je c t  a v a i l a b i l i t y .  Such a  d e s ig n  f a c i l i t a t e s  th e  r a p id  c o l l e c t i o n  
o f  a  l a r g e  am ount o f  d a t a .  The c h i e f  d i f f i c u l t y  w ith  th e  c r o s s  s e c t io n a l  
d e s ig n  i s  a s s u r in g  t h a t  t r e a tm e n t  g ro u p s  d i f f e r  o n ly  i n  th e  tim e  on 
d i a l y s i s  f a c t o r .  T h is  may be  a c h ie v e d  th ro u g h  s e v e r a l  m ethods: 1)
random sa m p lin g , 2) s u b je c t  by  s u b je c t  m a tc h in g  a c ro s s  g ro u p s , a n d /o r  
3) c o v a r ia n c e  a n a l y s i s .  C o n tro l o f  serum  l e v e l s  a c r o s s  g ro u p s  c o u ld  b e  
a c h ie v e d  th ro u g h  t h e  u se  o f  k i n e t i c  m o d e l l in g .54 One o f  th e  more a t ­
t r a c t i v e  a s p e c t s  o f  t h e  c r o s s  s e c t io n a l  d e s ig n  i s  t h e  freedom  o f  t e s t  
s e l e c t i o n ,  so  r e s t r i c t e d  in  th e  p r e s e n t  s tu d y . In s tru m e n ts  such  a s  
th e  C a te g o ry  T e s t  (R e ita n  & D av iso n , 1974) c o u ld  be  f r e e l y  em ployed 
w ith o u t  c o n c e rn  f o r  p o s s ib l e  p r a c t i c e  e f f e c t s .
The c o m p a ra tiv e  e f f e c t i v e n e s s  o f  sm a ll ( e . g . ,  BUN, c r e a t in in e )  
v s .  m id d le  (as  m easu red  by e . g . ,  in u l in )  m o le c u la r  c le a r a n c e s  on 
im p ro v in g  th e  c o g n i t i v e  and sen so ry n m o to r f u n c t io n in g  o f  u n d ia ly z e d  
t o x i c a l l y  u rem ic  a d u l t s ,  a b o u t t o  b e g in  d ia ly s is ^  i s  an  im p o r ta n t  a r e a  
f o r  r e s e a r c h  i n v e s t i g a t i o n . ^  The fo llo w in g  p r o to c o l  i s  s u g g e s te d .
5l* K in e tic  m o d e ll in g  i s  a  co m pu ter a s s i s t e d  m ethod f o r  k e ep in g  a 
p a t i e n t s  serum  l e v e l s  w i th in  a  s p e c i f i e d  ra n g e  th ro u g h  th e  m a n ip u la tio n  
o f  v a r io u s  p a ra m e te rs  a s s o c i a t e d  w ith  d i a l y s i s .
^ T h e  r e a d e r  i s  r e f e r r e d  t o  p .  9 f o r  a  re v ie w  o f  t h e  m id d le  
m o le c u le  c o n t r o v e r s y .
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New d i a l y s i s  p a t i e n t s  w ould be random ly  a s s ig n e d  to  one o f  two 
d i a l y z e r  g ro u p s: 1) a  d i a l y z e r  w ith  a  h ig h  c le a r a n c e  o f  sm a ll 
m o le c u le s  and a  low c le a r a n c e  o f  m idd le  m o le c u le s , and 2) a  d i a ly z e r  
w ith  a  s i m i l i a r l y  h ig h  c le a r a n c e  o f  sm a ll m o le c u le s  and  a  h ig h  c le a r a n c e  
o f  m id d le  m o le c u le s .  (The e x a c t  s p e c i f i c a t i o n s  o f  th e  d i a ly z e r s  chosen  
w ould depend upon p ro d u c t  a v a i l a b i l i t y . )  Each g ro u p  w ould be  a d m in is te r ­
ed a  r e p e a ta b le  n e u ro p s y c h o lo g ic a l  t e s t  b a t t e r y  a t  0 , 3 , and  6 m onths 
p o s t - d i a l y s i s .  The e f f e c t iv e n e s s  o f  each  d i a l y z e r  i n  im prov ing  cog­
n i t i v e  and s e n so ry -m o to r  f u n c t io n in g  w ould be  a s s e s s e d .  The e f f e c t  o f  
d i f f e r e n t  c le a r a n c e  p r o p e r t i e s  on e le c tro e n c e p h a lo g ra p h  and n e rv e  
c o n d u c tio n  e v a lu a t io n s  w ould be a s s e s s e d  th ro u g h  th e  s e r i a l  a d m in is t r a ­
t i o n  o f  th e s e  t e s t s  a t  t h e  same tim e  o f  th e  0, 3 , and 6 month 
n e u ro p s y c h o lo g ic a l  e v a lu a t io n  s e s s io n s .
As n o te d  p r e v io u s ly ,  i t  i s  p o s s ib le  t h a t  th e  r e s u l t s  o f  th e  p r e s e n t  
r e s e a r c h  p r o j e c t  ( re g a rd in g  f l u c t u a t i o n s  in  p e rfo rm an ce  a c ro s s  DQ, 
and D^) w ere an a r t i f a c t  o f  th e  tim e  s e le c te d  f o r  th e  t e s t  a d m in is t r a ­
t i o n  (20 h o u rs  p o s t - d i a l y s i s )  . P e rh ap s  i f  a n o th e r  tim e  was c h o se n , 
r e s u l t s  m ig h t have b een  d i f f e r e n t .  To i n v e s t i g a t e  p o s s ib le  s i g n i f i c a n t  
d i f f e r e n c e s  in  r e s u l t s  due s o le l y  t o  th e  tim e  o f  th e  t e s t  a d ­
m in i s t r a t i o n ,  3-5 e x p e r im e n ta l  g ro u p s  m ig h t be  fo rm ed . Each group  w ould have 
a d i f f e r e n t  t e s t  a d m in i s t r a t io n  tim e  ( e .g .  5 , 10, 15, 20 h o u rs  
p o s t - d i a l y s i s ) . T h is  r e s e a r c h  p ro p o s a l  i s  e s s e n t i a l l y  a  r e p l i c a t i o n  
o f  t h i s  d i s s e r t a t i o n  r e s e a r c h  p r o j e c t  w ith  more th a n  one t r e a t ­
m ent g ro u p  em ployed. A ll  t r e a tm e n t  g ro u p s  w ould b e  e q u a te d  on a l l  b u t  th e  
t e s t  a d m in i s t r a t io n  tim e, u t i l i z i n g  a v a i l a b l e  s t a t i s t i c a l  p ro c e d u re s  
(d is c u s s e d  p r e v i o u s l y ) . The e q u a tin g  o f  g ro u p s  i s  done t o  in s u r e  t h a t  th e  d i f -
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f e re n c e s  among g ro u p s d e r iv e  from th e  d i f f e r e n t  D^ t im e s ,  a s  opposed 
t o  o th e r  s o u rc e s  o f  unw anted v a r ia n c e .  Com parisons a c ro s s  Do, and 
D w i t h i n  each  g ro u p , would p ro v id e  in fo rm a tio n  re g a rd in g  s i g n i f i c a n t  
d i f f e r e n c e s  in  p erfo rm an ce  (Do-D.^, D-L“D2 ' Do-D,,) . A f te r  each  t r e a t ­
m ent g ro u p  i s  a n a ly z e d  s e p a r a te ly ,  t r e a tm e n t  g ro u p s  w ould th e n  be 
com pared f o r  p u rp o se s  o f  a s c e r t a in in g  w hich D^ tim e  ( i f  any) p roduced  
th e  g r e a t e s t  number o f s ig n i f i c a n t  changes i n  c o g n i t iv e  and s e n s o ry -  
m otor f u n c t io n in g  a c ro s s  Do, D^ and
The m a jo r i ty  o f  r e s e a r c h  s tu d ie s  w hich c o r r e l a t e  v a r io u s  serum  
c h e m is try  m easu res  w ith  c o g n i t iv e  and  se n so ry -m o to r  t e s t  p erfo rm an ce , 
u t i l i z e  th e  same serum m easu res  ( e .g .  an e l e c t r o l y t e  p r o f i l e ) . C o r re la ­
t i n g  o th e r  serum  v a r i a b l e s  ( e .g .  o s m o la l i ty ,  oxygen u p ta k e )  w ith  cog­
n i t i v e  and  se n so ry -m o to r  t e s t  p e rfo rm an ce , m ig h t p ro d u ce  r e s u l t s  
w hich b ro ad en  o u r u n d e rs ta n d in g  o f  th e  i n t e r f a c e  betw een serum c h e m is try  
and c o g n i t iv e  and se n so ry -m o to r  fu n c t io n in g ,  w h ile  a l s o  p ro m p tin g  new 
id e a s  f o r  f u r t h e r  r e s e a r c h .
F i n a l l y ,  a s  a  fo llo w -u p  to  th e  p r e s e n t  r e s e a r c h  p r o j e c t ,  a  f u r ­
t h e r  i n v e s t i g a t i o n  o f  th e  p ronounced  im pairm ent in  s w itc h in g  s e t ,  seen  
i n  th e  d i a l y s i s  p a t i e n t s  t e s t e d ,  i s  s u g g e s te d . T h is  co u ld  be accom plished  
th ro u g h  th e  u t i l i z a t i o n  o f  a  s e r i e s  o f  t e s t s ,  each  o f  w hich  r e q u i r e s  
s l i g h t l y  d i f f e r e n t  s k i l l s  in  s w itc h in g  s e t  a s  a  p r e r e q u i s i t e  f o r  s u c c e s s fu l  
t e s t  p e rfo rm a n c e . T h is  b a t t e r y  m igh t in c lu d e  th e  fo llo w in g  t e s t  i n s t r u ­
m en ts: C a te g o ry  T e s t  (R e ita n  and D av ison , 1974), C o lo r Form S o r t in g  T e s t ,  
O b je c t S o r t in g  T e s t  (G o ld s te in  & S h e e re r ,  1 9 4 1 ), W isconsin  Card S o r tin g  
T e s t  (B erg , 19 4 8 ), K asanin-H anfm ann C oncept F o rm atio n  T e s t  (Hanfman, 1953),
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and th e  M ir ro r  T e s t  (H agberg, 1974) . T h ese  in s t ru m e n ts  m ig h t a l s o  b e  i n ­
c lu d e d  a s  p a r t  o f  th e  t e s t  b a t t e r y  u t i l i z e d  i n  any  o f  th e  r e s e a r c h  p r o ­
to c o l s  s u g g e s te d  above n o t  r e q u i r in g  r e p e a t a b l e  t e s t  in s tru m e n ts .  The 
r e s u l t s  o f  t h i s  s tu d y  w ould f u r t h e r  b ro ad en  o u r  u n d e rs ta n d in g  o f  th e  
d i f f i c u l t i e s  d i a l y s i s  p a t i e n t s  e n c o u n te r  on t a s k s  r e q u i r in g  p r o f ic ie n c y  
in  t h e  a b i l i t y  t o  sw itch , s e t .
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CHAPTER V 
SUMMARY AND CONCLUSIONS
The p u rp o se  o f  t h i s  s tu d y  was t o  answ er t h r e e  q u e s t io n s :  1) How 
d o es  t h e  c o g n i t iv e  and se n so ry -m o to r  f u n c t io n in g  o f  th e  lo n g  te rm  a d u l t  
h e m o d ia ly s is  p a t i e n t  com pare w ith  a v a i l a b l e  norm s f o r  a  norm al sam ple?
2) What p a t t e r n s  o f  s t r e n g th s  a n d /o r  w eak n esses  may b e  found i n  th e  co g ­
n i t i v e  and s e n so ry -m o to r  f u n c t io n in g  o f  th e  lo n g  te rm  a d u l t  d i a l y s i s  p a t i e n t ?  
and  3) Do s i g n i f i c a n t  ch an g es  in  c o g n i t iv e  and s e n so ry -m o to r  f u n c t io n in g  o c cu r 
when p r e ,  p o s t  and  p r e * d ia ly s i s  p e rfo rm a n c e s  a r e  com pared? I f  s o , do s p e c i f i c  
serum  m easu re s  seem t o  b e  c o r r e l a t e d  w i th  ch an g es  in  c o g n i t iv e  and  s e n s o ry -  
m otor p e rfo rm a n c e  when t e s t  r e s u l t s  a c ro s s  r e p e a te d  t e s t  a d m in i s t r a t io n s  a r e  
com pared?
To answ er th e s e  q u e s t io n s  14 m ale  and  6 fem ale  a d u l t  c h ro n ic  
r e n a l  p a t i e n t s ,  s t a b i l i z e d  on h e m o d ia ly s is ' f o r  a t  l e a s t  10 m on ths, 
w ere a d m in is te r e d  a r e p e a ta b le  b a t t e r y  o f  c o g n i t iv e  and s e n so ry -m o to r  t e s t s  
j u s t  p r i o r  t o  t h e i r  midweek d i a l y s i s  (D ^), a p p ro x im a te ly  20 h o u rs  l a t e r  (D^) 
and a g a in  j u s t  p r i o r  t o  t h e i r  end  o f  th e  week d i a l y s i s  (D ^)• A t each  t e s t  
s e s s io n  s u b je c ts  w ere a l s o  a d m in is te r e d  a  s u b je c t iv e  r a t i n g  s c a l e .  T h is  
s c a l e  was d e s ig n e d  to  m easu re  ch an g es  i n  s e l f  p e r c e iv e d  p s y c h o lo g ic a l  
and m e d ic a l s t a t e s  a c r o s s  DQ, D^ and  f o r  p u rp o se s  o f  i d e n t i f y i n g  
p o s s i b l e  s o u rc e s  o f  unw anted  v a r ia n c e  w hich  m ig h t have a f f e c t e d  c o g n i t iv e  
and s e n so ry -m o to r  f u n c t io n in g .  F i n a l l y ,  serum  sam p les  w ere drawn a t  
each, t e s t  s e s s io n  t o  d e te rm in e  l e v e l s  o f  BUN, c r e a t i n i n e ,  sodium , p o ta s s iu m , 
c h l o r id e ,  c a rb o n  d io x id e ,  c a lc iu m , p h o s p h a te , d im eth y lam in e  (ph 7 -8 , 
ph>  20) and tr im e th y la m in e  (ph 7 -8 , ph> 1 0 ) .
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W ith r e g a rd  t o  l e v e l s  o f  p e rfo rm a n c e / d i a l y s i s  p a t i e n t s  sc o re d  
w i th in  t h e  norm al ra n g e  (as  com pared t o  a  norm al sam ple) on t a s k s  
a s s e s s in g  v e r b a l  co m p reh en sio n , a b s t r a c t i o n ,  s h o r t  te rm  r o te  memory 
( a u d i to r y ) , m e n ta l m a n ip u la t io n  o f  sym bols (when no s w itc h in g  o f  s e t  
was r e q u i r e d ) , s u s ta in e d  a t t e n t i o n ,  c o n c e n t r a t io n ,  a u d i to r y  d i s c r im in a t io n ,  
v is u a l - m o to r  p la n n in g  (when no s w itc h in g  o f  s e t  was r e q u i r e d ) , v i s u a l -  
m otor r e a c t i o n  t im e ,  v i s u a l  r e c o g n i t io n  and  i n t e r p r e t a t i o n  o f  p i c t o r i a l l y  
p r e s e n te d  o b je c t s  and s o c i a l  c u e s ,  g r ip  s t r e n g th  (m a le s ) , s u s ta in e d  m o to r 
sp eed  (m ale dom inan t) and  th e  maximum r e p e t i t i v e  p e rfo rm an ce  o f  an e le m e n ta ry  
la n g u a g e  f u n c t io n  (sp eed ed  c o lo r  i d e n t i f i c a t i o n ) . S i g n i f i c a n t  im provem ents 
in  p e rfo rm a n c e , from  th e  m i ld ly  im p a ire d  t o  th e  low  end o f  th e  no rm al ra n g e , 
o c c u r re d  on th e  D i g i t  Symbol and Speech Sounds P e r c e p t io n  T e s t s .  T hese 
im provem ents a p p e a r  t o  h av e  b een  due t o  p r a c t i c e  e f f e c t s .  F i n a l l y ,  p e r ­
fo rm an ces  w ere  c l e a r l y  im p a ire d  in  th e  fo llo w in g  a r e a s :  sp eed ed  v i s u a l -  
m o to r c o o r d in a t io n  (Grooved P e g b o a rd ) , g r i p  s t r e n g t h  ( f e m a le s ) , v i s u a l  
s e a rc h  s k i l l s ,  v is u a l - m o to r  p la n n in g  ( in v o lv in g  t h e  a b i l i t y  t o  s w itc h  s e t )  
and v i s u a l  memory.
Im p a irm en ts  in  sp eed ed  v is u a l - m o to r  c o o r d in a t io n  and  s t r e n g th  o f  
g r ip  m o st p ro b a b ly  w ere  due t o  th e  e f f e c t s  o f  p e r i p h e r a l  n e u ro p a th y . The 
m ost p ronounced  im p a irm en t n o te d ,  how ever, was in  th e  a b i l i t y  t o  s u c c e s s ­
f u l l y  e x e c u te  a  p la n  in v o lv in g  th e  s w itc h in g  o f  s e t .  The l e v e l  o f  im ­
p a irm e n t  in  t h i s  a r e a  was s e v e r e .  W hile  n o t  d e f i n i t i v e l y  s u g g e s t iv e  o f  
c e r e b r a l  im p a irm en t, t h i s  p ro nounced  d y s fu n c t io n  h a s  b e e n  a s s o c ia te d  w ith  
m ild  c e r e b r a l  im p a irm en t o f  th e  a n t e r i o r  r e g io n .
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A lth o u g h  d i a l y s i s  p a t i e n t s  w ere im p a ire d  i n  th e  a r e a s  n o te d  
abo v e , th e y  p erfo rm ed  w e l l  i n  a  w ide v a r i e t y  o f  o th e r  a r e a s  (n o ted  
p r e v i o u s l y ) . C o n s id e r in g  th e  w e l l  known f in d in g  t h a t  u n d ia ly z e d  
t o x i c a l l y  u rem ic a d u l t s  e v id e n c e  o f te n t im e s  s e v e re  im p airm en t in  t h e i r  
c o g n i t iv e  and s e n so ry -m o to r  f u n c t io n in g ,  th e  b e n e f i c i a l  e f f e c t s  o f  d i a l y s i s  
c l e a r l y  u n d e rsc o re d  when d i a l y s i s  p a t i e n t s '  o v e r a l l  l e v e l  o f  p e rfo rm an ce  
i n  t h e  p r e s e n t  s tu d y  a r e  c o n s id e re d .
W ith  re g a rd  to  q u e s t io n  t h r e e ,  o u t  o f  27 c o g n i t iv e  and s e n so ry -m o to r  
m e a su re s , s i g n i f i c a n t  f l u c t u a t i o n s ,  p re  and  p o s t - d i a l y s i s  (D0“D-j^  w ere 
e v id e n c e d  on b u t  s i x .  F lu c tu a t io n s  on f i v e  o f  th e s e  m easu res  w ere acco u n ted  
f o r  by p r a c t i c e  e f f e c t s ,  w h ile  f l u c t u a t i o n s  on th e  re m a in in g  m easu re  
(C o lo r Namimg) w ere u n acco u n ted  f o r .  S i g n i f i c a n t  d a i l y  ch an g es  in  serum  
l e v e l s  o f  sm a ll and m id d le  m o le c u le  to x ic  r e n a l  m e ta b o l i t e s  o c c u r re d  o v e r 
DQ, and  D^. The num ber o f  s i g n i f i c a n t  c o r r e l a t i o n s  betw een  each  serum  
m easu re  and  e v e ry  c o g n i t iv e  and s e n so ry -m o to r  t e s t  was below  c h a n c e , a s  was 
t h e  number o f  s i g n i f i c a n t  c o r r e l a t i o n s  b e tw een  t h e  d is c o m fo r t  in d ex  and  
each  c o g n i t iv e  and s e n so ry -m o to r  t e s t  m e a su re . T hus, d e s p i t e  s i g n i f i c a n t  
d a i l y  ch an g es  i n  t h e  l e v e l s  o f  to x i c  m e ta b o l i t e s ,  th e  c o g n i t iv e  and  s e n s o ry -  
m o to r f u n c t io n in g  o f  th o s e  s u b je c t s  rem ain ed  rem ark ab ly  s t a b l e .  T h is  
f in d in g  i s  a t  odds w ith  p r i o r  r e s e a r c h  i n v e s t i g a t i o n s ,  w here f l u c t u a t i o n s  
in  c e r t a i n  c o g n i t iv e  and se n so ry -m o to r  a r e a s ,  h y p o th e s iz e d  a s  
b e in g  d u e  to  f l u c t u a t i o n s  in  serum  c h e m is try  l e v e l s  , w ere i d e n t i f i e d .
I t  rem a in s  q u i t e  d i f f i c u l t  t o  a c e r t a i n  t h e  o r i g i n  o f  th e s e  d i s ­
c r e p a n c ie s .  R e se a rc h  s u g g e s t io n s ,  f o r  p u rp o se s  o f  r e s o lv in g  th e s e  
d i f f e r e n c e s  and ex p an d in g  o u r  know ledge b a s e  w ere o f f e r r e d .
In  t h e  p a s t  p s y c h o lo g is t s  h av e  p la y e d  a  m a jo r r o l e  i n  h e lp in g
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d i a l y s i s  p a t i e n t s  cope w ith  t h e  e m o tio n a l s e q u a la e  o f  c h ro n ic  r e n a l  
f a i l u r e .  Through th e  u se  o f  t h e i r  u n iq u e  s k i l l s  p s y c h o lo g is t s  a r e  
now i n  t h e  s p e c i a l  p o s i t i o n  o f  c o n t r ib u t in g  t o  ad v an ces  in  hemo­
d i a l y s i s  te c h n o lo g y , th ro u g h  a s s e s s in g  how new d i a l y s i s  equ ipm ent 
and  p ro c e d u re s  a f f e c t  th e  p a t i e n t ' s  c o g n i t iv e  and  se n so ry -m o to r  
f u n c t io n in g .  C o n s id e r in g  t h e  c o m p le x i t ie s  o f  d i a l y s i s  te c h n o lo g y , 
t h i s  s i g n i f i c a n t  so u rc e  o f  i n p u t  m ust b e  c o n s id e re d  a s  a  welcome 
a d d i t io n  t o  th e  f i e l d .
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appendix A: Renal Structure and Function. Berkow, R. (Ed.)> The Merck 
Manual of Diagnosis and Therapy. Thirteenth Edition, Merck, 
Sharp and Dohme Research Laboratory, Rahway, N.J., 1977* 
Pgs. 654-66 A.
1. RENAL STRUCTURE AND FUNCTION
The kidneys control the volume, composition, and pressure of body fluids b> 
regulating the excretion o f water and solutes. They also influence red cell produc- 
tion and blood pressure by hormonal mechanisms. Urine is formed in the kidneys 
as an aqueous solution containing metabolic waste products, foreign substances, 
and water-soluble constituents o f the body in quantities depending upon homeo­
static needs.
Anatomy
The kidneys are bilateral, retroperitoneal structures, each consisting of an outer 
cortex and an inner medulla. The medulla is arranged into several cone-shaped or 
pyramidal projections separated from each other by sections o f cortex called renal 
columns. Tbe bases o f the pyramids face the cortex of the kidney while the apices 
(papillae) point toward the hilus and project into the renal pelvis (FlC. 6-1). The 
cortex contains glomeruli and tubules; the medulla, tubules only.
The kidneys possess numerous blood vessels and because o f their low vascular 
resistance receive approximately 1200 ml of blood or 25% o f  the cardiac output 
each minute.
The major resistance to blood flow occurs in the glomerular capillary bed and 
is produced by a relatively high resistance in the efferent arterioles. However, 
changes in renal arterial pressure produce proportional variations in the afferent 
arteriolar resistance, which tends to preserve a constant renal blood flow (RBF) and 
glomerular capillary pressure; i.e., autoregulalion. In addition to autoregulation, 
the renal circulation is controlled by extrinsic factors such as neurogenic (sympa­
thetic) and hormonal (epinephrine, norepinephrine, and angiotensin) regulators.
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Copyright 1971 by Lhtte, Brown and Company. Used with permission of Unle, Brown and Company 
jnd the author.)
The Nephron
The basic functional unit o f  the kidney is the nephron, a long tubular structure 
made up of successive segments of diverse structure and transport functions. It 
includes (1) a renal corpuscle (Bowman's capsule and the glomerulus, a tuft of 
capillaries), (2) a proximal tubule (convoluted and straight portion), (3) a hairpin 
loop (Henle's loop), (4) a distal tubule (straight portion, macula densa, and convo­
luted portion), and (5) a collecting duct system. There are approximately one 
million nephrons in each hum an lddney; 85% are cortical nephrons with short 
loops of Henle, and 15% are juxtam edullary nephrons with glomeruli near the 
cortical medullary junction and with long, thin, looping segments (F ig. 6-2).
Glomerular Filtrat ion
The glomerulus acts as an ultrafilter, allowing passage of water, electrolytes, 
and small organic molecules such as glucose, but not blood cells and large protein 
molecules. The ultrafiltrate produced by the glomeruli of both kidneys amounts to 
about 70 m l/m in/sq  m or 150 L /d ay /sq  m ; this rate is termed the glomerular 
filtration rate (GFR). About 99% o f the glomerular filtrate is resorbcd during pas- 
1 sage through the renal tubules, with most o f  the resorption taking place in the 
proximal tubules.
The Concept of "Clearance" and the Measurement of GFR
A principal function of the kidney is to remove or “clear" various solutes from 
the blood which arc not essential to the body, and to conserve those that the body 
requires. A  solute is never totally removed from the blood in any one passage 
through the kidneys: rather, a portion is removed during each sweep of the blood 
through the renal system. Clearance m ay be defined as the volume o f  plasma which 
u completely cleared o f  a solute in a unit o f  time and is usually expressed in ml/min.
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Staled another way, the renal clearance o f  a substance represents the volume of 
blood that would have to pass through the nephrons within a given time period to 
provide the amount o f  that substance in the urine. Substances which arc rapidly 
eliminated have a high clearance; those eliminated slowly, a low clearance.
The following equations illustrate the relationships involved in clearance ealeu* 
lations. “X” is considered as a substance which is cleared completely in one 
passage and can be used to measure renal plasma clearance. The symbolic rela* 
lionships are: # '
J
U , — concentration o f  “x" in urines
P, — concentration o f “x" in plasma.
V — volume of urine excreted/min.
C, — renal plasma clearance of “x."
U,V -  rate o f excretion of “x." • • -
C.P, -  quantity of “x” removed or “cleared" by kidneys.
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When the concentration of substance **x” in the body fluids, is in a steadystate, 
the amount leaving the kidneys equals that cleared from the blood. Symbolically, 
this may be stated as:
U,V -  C.P.
C. -
Thus, from the urinary excretion rate and the plasma concentration of “x,” one 
can compute its renal clearance. For example, if 550 m g/m in of “x" are being 
excreted, the same amount has entered the nephrons. If the plasma concentration 
during these steady-state conditions is 1 m g/m l, then 550 mJ/min o f plasma were 
virtually cleared of this substance by the kidney:
_ U,V 550 m g/m in .C» -  —— -  -------- -------- -  550 m l/mtn
P, 1 m g/m l
If a substance does not undergo tubular transport after passing through the 
glomerulus—i.e., if it is neither reabsorbed nor secreted within the renal tubule— 
then its clearance will be a measure of G F R . Because the measurement o fG F R  is 
useful in understanding normal function and in treatment of patients with renal 
disease, it is desirable to have a convenient and quantitative method o f its estima­
tion. A substance which is ideally suited for such measurements is inulin. It is a 
fructose polymer with an average sbe o f  about 5000 daltons. When given IV it is 
freely Altered by the glomeruli and passes through the renal tubules undisturbed. 
The normal G FR  for average adults is about 125 m l/m in.
A comparison of the renal clearance o f  any solute with that o f inulin will give 
information concerning transport of that solute by the renal tubules. For example, 
a substance which Qikc inulin) is not protein-bound and is freely flltrable, but 
which has a lower clearance than inulin, has undergone net tubular resorption; a 
substance with a clearance-greater than inulin, in addition to being Altered by the 
glomerulus, has had portions secreted by tubular cells. Certain organic substances 
like sodium p-aminonippurate (PAH) are  rapidly secreted by tubular cells and are 
almost entirely removed from the blood perfusing the kidneys in a single circula­
tion. Thus, these substances are useful in determinations o f effective renal plasma 
flow (ERPF).
The clearance of endogenous creatinine is often used clinically as an estimate of 
GFR. Unfortunately, since some creatinine is secreted by the tubules, it docs not 
give a true measure o f G F R . Despite this, the creatinine clearance is convenient 
»nd adequate for most clinical purposes. If  the urinary excretion o f creatinine is 
constant, then the creatinine clearance and  its plasma concentration are inversely 
proportional.
P ..,  -  u . _ v
creatinine removed — creatinine excreted
from plasma in urine i
or
U _ V  
P— .
One can thus determine changes in renal function (G FR  estimates) through 
single measurements o f plasma creatinine. For example, a patient with an initial 
creatinine clearance of 100 m l/m in and a creatinine plasma concentration o f
I
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1 m g/100 ml (0.01 m g/m l) has a  urinary excretion rate o f  creatinine of I mg/min 
or 1.4 G m /day. I f  the serum creatinine concentration rises to 5 m g /100 ml 
(0.05 m g/m l) and the total urinary excretion o f  creatinine remains constant, then 
the creatinine clearance is 1/5 the previous value or 20 m l/m in.
In the first instance:
-
LL^V 1 mg/min
Pcnat 1 m g/di
In the second instance:
Cm  ■“ UcmiV 1 m g/m in 
Pcm« 5 m g/dl
— 100 ml/min
— 20 ml/min
Thus, one could assume that the num ber o f functioning nephrons in the Vid- 
neys has significantly decreased. Similar relationships would exist with the blood 
concentration of urea.
Tubular Function
Transport or movement o f solutes and water across tubutar cells is one of the 
principal activities o f the renal tubules. Transport is termed resorption when it 
proceeds from the tubular lumen to the interstitial fluid and secretion when it 
proceeds in the reverse direction. Many solutes are transported in both dircctioru 
simultaneously, but one direction usually dominates and the resultant is termed 
net transport.
Transport is energy-dependent. Tubular transport is classified according to the 
energy source used in the> transfer process: active transport is the movement of i  
substance against a gradient o f electrical potential or chemical concentration; 
passive transport or diffusion is the migraUon o f  a substance across an electro* 
chemical gradient.
The activity of the tubules may be appreciated by comparing the rates at which 
substances are filtered into the nephrons with the rates a t which they are excreted 
in the urine CTamjs 6-1). The tubules are largely occupied with conservation of 
water and essential solutes and the elimination o f  certain waste products.
Fine adjustments o f water and solute excretion take place in the distal convolu­
tions and adjoining collecting ducts. T ransport in the distal tubule differs from 
that in the proximal tubule in its capacity to resorb and secrete against large 
gradients. Furthermore, it is the only segment o f the nephron which responds to 
both antidiuretic hormone (ADH) and aldosterone. A D H  enhances water resorp-
Table 6-1. SUBSTANCES FILTERED THROUGH THE NEPHRONS AND
THEIR RESORPTION
Substance Amount Filtered daily*
Amount In 
Urinm Daily*
Net Tubular 
Resorption! '
Watar 180 U 1.5 L 99%
Sodium 26.000 m£q 150 mEq . 99%
Potassium 810 mEq 100 mEq , 88%
Glucose 1000 mM nB 100%
Amino adds . 6 5  Gm .2  Cm 98%
Urea <*'1280 mM 500 mM 60%
* These values are approximate.
with perm ission o f the copyright owner. Further reproduction prohibited without perm ission
115
boa, while aldosterone enhances the transport capacity for sodium resorption 
»nh reciprocal potassium and hydrogen ion secretion.
Tubular Resorption
Glucose resorption illustrates an active transport-limited system wherein, a t 
ourmaJ plasma glucose levels and G FR , the glucose is completely resorbed and its 
dearance or excretion is nil. The mechanisms involved permit transporting a fixed 
tmount of glucose in a  unit o f  time (Transport maximum or Tm) across the tubular 
cells, if the filtered glucose load (plasma glucose x G FR) exceeds the Tm, glucose 
begins to appear in the urine. The higher the plasma glucose concentration, the 
: pxatcr the amount o f glucose filtered, compared to that resorbed. The glucose 
clearance approaches the G F R  as the plasma concentrations increase.
Although glucose is the best prototype for illustration, amino acids and other 
inorganic and organic compounds undergo transport-limited resorption. Phos­
phate is unique among traniqjort-limited substances in having its resorption ca­
pacity modulated by parathyroid hormone.
Urea resorption: Urea, like water, is resorbed passively throughout the nephron. 
Because of passive resorption, the excretion o f urea is variable and depends upon 
orine concentradon and flow. About one third o f filtered urea is rcsorbed in man 
%hen the urine is copious and dilute, while 80% may be resorbed during dehydra­
tion when urine Sow is low and the urine concentrated. The variability in the 
renal handling o f urea plus the influence of diet and catabolism make the blood 
urea nitrogen (BUN) unsuitable as a single measure o f  renal funcdon.
Sodium (Na) resorption: After passage through the proximal tubules, resorption 
of Na and water causes a 20 to 40% reducdon in the volume o f glomerular filtrate. 
Since osmodc gradients between peritubular capillaries and proximal tubular 
fluid are not observed, both remain isosmodc with arterial plasma throughout 
proximal tubular resorpdon. N a and its associated anions (chloride and bicarboa- 
ile) account for most o f the osmotic activity o f  water within the proximal tubules. 
It follows that N a and water are simultaneously resorbed and that their rado is set 
by plasma osmolality. Present evidence indicates that water resorpdon is passive 
ind coupled to active N a resorpdon.
Unlike threshold-limited transport, proximal tubular resorption o f N a is not 
uturable but does appear to exhibit gradient-limited characteristics. This is evi­
dent when large quantides o f  nonresorbed solutes (e.g„ glucose or mannito!) are. 
present in the proximal tubular lumen. The presence o f nonresorbabte solutes, 
such as maonitol, within the lumen o f  the renal tubules decreases the resorption 
of Na and water therein, producing a  large volume o f urine. This obligate reten- 
. (ion of Na and water in the presence o f  large amounts o f unresorbed solutes is the 
: basic mechanism of osmotic diuresis.
Na transport in the distal tubule and  collecting duct differs from that in the 
' proximal tubule in the former’s capacity to resorb N a against large gradients and 
; the influence of aldosterone in enhancing the transport capacity. The distal neph­
ron serves as the final arbiter o f N a eiiminadon.
The interrelationship between the filtradon and resorpdon o f  N a is a centra] 
factor in the renal reguladon of N a. Under a  variety o f circumstances, the frac­
tion of filtered N a resorbed in the proximal segment is reladvely constant despite 
acute changes in G FR , a concept termed gtomerulotubular balance. This balance 
is neither perfect nor constant. I f  the G F R  is chronically reduced, the resorption* 
of Na will decrease proportionately more than the decrease in filtradon so that 
Na excretion equals dietary intake. Thus, renal control o f N a balance resides not 
ta reguladon o f filtradon but in tubular resorpdon o f  N a. Nonetheless, the contri- 
' bution of acute changes in G F R  cannot be ignored, as small changes can produce
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relatively large variations in the absolute rate of Na excretion before adjustment 
in tubular resorption occurs.
The physiologic factors which bring about changes in the rale o f tubular re­
sorption o f sodium are not well understood, but are influenced by certain extra- 
renal and inlrarcna! factors (F ig . 6-3). For a discussion o f regulation of water and 
sodium homeostasis see §11, Ch. 6.
Tubular Secretion
Although tubular transport is mainly concerned with returning the bulk of the 
glomerular filtrate to the plasma, some plasma solutes are actively secreted into 
the tubular lumen and excreted. A renal clearance greater than G F R  is evidence 
of tubular secretion. Exogenous organic bases such as thiamine or quinidine and 
organic acids such as PAH and penicillin are rapidly excreted once they enter the 
circulation. They are both filtered and actively secreted into the urine. Most 
organic acids compete with each other for secretion as do most organic bases 
(competition between acids and bases is rare). This explains why probenecid, an 
organic acid, interferes with the secretion of penicillin.
Secretory processes also exhibit transport maximums. Therefore, at high 
plasma concentrations, filtration may become the dom inant mode of excretion. 
rA H  is so avidly secreted that at plasma levels far below saturation it is almost 
completely cleared from the plasma in a single circulation through the kidney and 
has, therefore, been found useful in estimating renal blood flow.
Potassium (K) excretion: The usual adult daily diet contains 50 to 100 mEq of 
K. Small quantities of K  are lost in the feces and perspiration, but the kidney is 
the dominant organ of K excretion and regulation. Studies of renal clearance 
have demonstrated that K excretion is not closely linked to the filtered load of K. 
For example, with severe renal insufficiency, the K excretory rate may exceed the 
quantity filtered by the glomeruli.
Since approximately 90% of the filtered K and 60 to 80% of tubular fluid is 
resorbed in the proximal tubule, K concentration in this fluid is lower than the 
plasma concentration. However, in the distal tubule the K concentration is con­
siderably greater than in plasma, even on a low K intake. Thus, K. undergoes net 
secretion, and renal conservation of K is relatively poor compared to Na reab­
sorption where distal tubular fluid to plasma Na concentration ratios can be 
below 0.01. Whereas urinary N a concentration may be nil with a marked stimulus 
for Na conservation, the urinary K concentration rarely is <  5 to 10 m Eq/L  even 
with severe and prolonged K deprivation. The factors afTecting potassium secre­
tion are listed in T a b l e  6-2.
Hydrogen Ion (proton) excretion: T he net quantity o f protons excreted by the 
kidney is small (50 to 100 m Eq/day) compared to that excreted by the lungs via 
carbonic acid (15,000 m Eq/day). ‘nierefore, disturbances in pulmonary function 
can result in acidosis within minutes, while several days are required to produce the 
same degree o f change following cessation o f  renal function. The renal regulation ul 
acid-base balance is discussed under D is t u r b a n c e s  in  A c i d - B a s e  M eta b o lism  
in § 11, Ch. 6.
Concentration and dilution of urine: Urine concentration is accomplished in the 
renal medulla via three anatom ic structures which work in concert: (1) the loop* 
of Henle acting as countercurrent multipliers, (2) the looping capillaries as coun­
tercurrent exchangers, and (3) the collecting ducts which traverse the kidney. 
Only the juxtam cdullary nephrons arc involved in the countercurrent operations 
that concentrate the urine. The other nephrons produce a dilute urine due to the 
unique characteristics o f  their tubular cells in the thick segment o f  the ascendinp 
limb where transport o f sodium chloride (NaCl) occurs without passive diffusion of 
water, thus creating a hypotonic tubular fluid.
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Bicarbonate (HCOj- ) resorption: Ordinarily, the rate o f HCOj* resorption ij 
adjusted to maintain a constant plasma H C O j' concentration of about 
25 m Eq/L. HCOj" resorption resembles a threshold-limited mechanism in which 
increases in filtered load above the threshold level lead to excretion of the excess 
HCOj" in the urine. However, no true threshold for HCOj" is demonstrable, and 
the rate o f resorption can be altered by several important factors (sec D is t u r ­
b a n c e s  i n  A c i d - B a s e  M e t a b o l is m  in §11, Ch. 6).
A model of a widely held concept o f HCOj- transport is shown in F ig. 6-5. 
Most of the filtered bicarbonate is resorbed directly as the ion and the remainder 
indirectly as carbonic acid and carbon dioxide (C02). Carbonic anhydrase within 
the tubules catalyzes the hydration o f COi to carbonic acid, which dissociates into 
hydrogen ion and HCOj- . The HCOj- generated by this reaction moves pas­
sively out of the cell and into the extracellular fluid. T7ie remaining hydrogen ion 
is secreted into the tubular fluid and reacts with filtered HCOj" in the tubular 
lumen, reforming carbonic acid and then COj and water. Both the H jCOj and the 
COj formed in the tubular lumen diffuse back into the cell, thus completing the 
cycle. Carbonic anhydrase inhibitors interfere with this sequence by impairing the 
hydration reaction and thus the generation of protons (hydrogen ions) from COj 
and water in the cell. This limits the number of protons available for secretion 
into the tubule.
Ammonium excretion: Ammonia (NHj) is formed in the tubular cells from 
amino acid precursors, principally glutamine. It carries no electrical charge, is 
lipid-soluble, penetrates cell membranes readily, and diffuses easily throughout 
the kidney. It reacts with hydrogen ions, forming ammonium ions (NH^+) which 
are highly soluble in water and do not readily penetrate cell membranes. The 
difference in membrane penetrability between NHj and ammonium ions is re­
ferred to as nonlonlc diffusion and best explains why ammonium excretion varies 
with urine pH. Differences in pH between collecting duct fluid and renal venous 
blood determine the distribution of ammonium ions between these compartments 
and thus regulate the proportion leaving the kidney. The lower the urine pH, the 
more ammonium appears in the urine (Fto. 6-6).
Ammonium excretion is also influenced by the .production rate of NHj. 
Changes in systemic acid-base balance regulate the rale of N H j formation from 
glutamine, with metabolic acidosis stimulating NHj production and alkalosis in­
hibiting it. This alteration in NHj formation and, hence, in ammonium excretion 
in response to acid-base disturbances represents one o f the most important 
mechanisms by which the kidney can adjust hydrogen ion excretion in response to 
changing rates o f hydrogen ion production.
Tltratable acid: Hydrogen ions secreted into the tubular fluid are buffered by 
anions o f  weak acids in addition to NHj. A t the normal pH of urine, phosphate i> 
the major buffer which contributes to the formation o f titratabic ad d . When urine 
pH is between 4.5 and 5, creatinine and urate also buffer hydrogen ions in signif­
icant amounts and contribute to the titratable acid (Fio. 6»7).
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Appendix B: Some Causes of Chronic Renal Insufficiency and 
.Systemic Manifestations of the Uremic Syndrome.
l S o m e  C a u s e s  o f  C h r o n i c  R e n a l  I n s u f f i c i e n c y :
■ W hat are  some causes of chronic renal insufficiency?
I The following are some causes of chronic renal insufficiency:
1. Acute or rapidly progressive glomerulonephritis may pro­
gress relentlessly to loss of functioning renal mass. Often, how­
ever, the victim may be unaware of the underlying condition for 
many years. Symptoms may not develop until there is a rise in the 
serum urea and creatinine levels, by which time the amount of 
functioning renal tissue is down to 25% to 50% of normal. In­
sidious renal insufficiency of this sort may follow an unrecognized 
glomerulonephritis of many years’ duration.
2. Pyelonephritis is another major cause of chronic renal 
| failure. I t  is thought to be the result of direct invasion of kidney
I parenchyma by bacteria. Like glomerulonephritis, it may be in­
dolent and unrecognized until kidney failure supervenes.
3. Polycystic kidney disease is a hereditary disease that may 
affect several members of the same family. As a result of a de­
velopmental defect, fluid-filled cysts develop and compress func­
tional renal tissue. I t  may remain undetected until the person is 
40 or 50 years of age, when increasing size of the kidneys may be 
noted, or until kidney failure begins to manifest itself.
4. Diabetic glomerulosclerosis may develop as a complication . 
of long-standing diabetes mellitus, particularly tha t form of dia­
betes having its onset in childhood or adolescence. The course is 
often rapid.
5. Severe high blood pressure (hypertension) may lead to 
arteriolar nephrosclerosis, in which damage to kidney arterioles 
causes loss of function from inadequate blood supply.
.6. Persons with gout may develop kidney damage of progres­
sive nature from urate deposits in renal parenchyma caused by
the high uric acid concentration. These deposits cause scarring 
and parenchymal damage.
7. Obstruction of the lower urinary tract (such as prostatic 
enlargement) or other anatomic defects may lead to damming 
back of urine. The obstruction causes distension of the kidney 
pelvis and calyces, called hydronephrosis. Decreased function re­
sults from the increased pressure on kidney tissue.
8. There are many- other less common disorders that may 
cause insidious kidney damage to the point of chronic renal fail­
ure. I t is important to remember that the body can adjust to se­
vere biochemical disturbances if they have been gradual in. de-
. veloping. People can sometimes maintain an active life with as 
little as 10% of normal renal function.
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■ Is retention of urea the cause of uremic syndrome?
The severity of uremic symptoms usually parallels the increase 
jof urea in the blood. However, most investigators believe meta­
bolic wastes other than urea are involved. More than 200 nitrog­
enous compounds have been demonstrated to be present in ex­
cess  in serum .of uremic patients. No one or no group has been 
'identified as the causative factor in uremia. However, patients 
diaiyzed against a bath with elevated urea concentration display 
anorexia, malaise, nausea, and insomnia, even when other mea- 
, surable parameters are normal. Urea retention, although not the 
j toxic factor, has a role in the uremic syndrome.
; ■ What a re  the metabolic effects of the uremic s ta te?
1. Carbohydrate metabolism  is disturbed. There is often mod­
erate elevation of blood sugar, which is probably caused by a com­
pletely different mechanism from that in diabetes mellitus. There 
is apparently a cellular insensitivity to the normal action of in­
sulin. There may be a circulating insulin antagonist in uremic 
serum, but this does not seem to be the primary factor. Endog­
enous insulin production has been reported normal in amount 
in uremic persons. Also, there is evidence tha t exogenously ad­
ministered insulin remains in the circulation longer in uremic 
persons than in normal persons.
Individuals who have been diabetic and then become uremic 
typically require less insulin, than before the onset of azotemia. 
This decrease may be the result of the longer life of insulin in 
the circulation.
2. Protein metabolism  is important in the production of ni­
trogenous wastes. Because of this production, protein has almost 
always been restricted as a form of treatment. Such is not always
best for the patient, particularly after regular dialysis i3 begun. 
The uremic person has a number of amino acid abnormalities. 
Some may be elevated to two or three times the usual serum 
levels. Others, particularly certain essential amino acid3, are de­
creased. Without adequate levels of these amino acids, the pa- 
.tient’s ability to rebuild his own tissues may be seriously im­
paired.
3. F at metabolism  has not been extensively investigated. 
Most patients on hemodialysis have elevated levels of triglycer­
ides and free fatty  acids. Cholesterol and phospholipids are usu­
ally normal. What relation these findings may have to vascular 
changes in uremic patients while on dialysis is ju s t  beginning to 
be unraveled; there may be a very significant relationship.
■ What changes are seen in the urine?
In acute renal failure, urine output is under 400 ml/24 hours 
(occasionally i t  may be higher). Usually there is little or no pro­
tein present. The specific gravity is 1.010 to 1.015. Sodium con­
tent most often is greater than 50 mEq/L. Urea concentration, 
which in normal urine is twelve to fifteen times th a t  of serum, is 
usually only two or three times the serum value.
In chronic renal failure, with only moderate changes in serum 
i chemistry, there may be high (2 to 3 L) urine output. There is 
often considerable protein, depending on the basic disease. Spe­
cific gravity is low; sodium concentration may vary from 40 to 
90 m Eq/L; and the urea concentration will be less than ten times 
that of serum. As kidney failure progresses toward the last stage, 
urine volume falls and the protein content decreases.
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Sys temic Mamfastations of the Uremic Syndrome. :
T h e  f o l l o w i n g  i l l u s t r a t i o n  i s  a c o n v e n i e n t  s u m m a r y  o f  s y s t e m i c  
m a n i f e s t a t i o n s  o f  t h e  u r e m i c  s y n d r o m e .  D e f i n i t i o n s  o f  m a n y  
o f  t h e  t e r m s  a r e  c i t e d  b e l o w  o n  t h e  f o l l o w i n g  p a g e .
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Systemic Manifestations of the Uremic Syndrome: Definition of Terms
U r e m i c  F e t o r : " P a t i e n t s  w i t h  a d v a n c e d  u r e m i a  o f t e n  c o m p l a i n  
o f  an  u n p l e a s a n t ,  m e t a l l i c  t a s t e  i n  t h e i r  m o u t h s ,  and t h e r e  
may b e  a n  a m m o n i a c a l  o d o r  to  t h e  b r e a t h -  u r e m i c  f e t o r . "
( S c h o e n f i e l d  and H u m p h r e y s ,  1 9 7 6  , p . 1 4 3 4 . )
Red Eye  S y n d r o m e : Red e y e s  d u e  to  c o n j u n c t i v a l  d e p o s i t i o n  o f  
h y d r o x y a p a t i t e . ( S c h o e n f e l d  and H u m p h r e y s ,  1 9 7 6 . )
Band K e r a t o p a t h y : R e t i n a l  h e m o r r h a g e s ,  e x u d a t e s ,  e d e m a ,  i s c h e m i a ,  
o r  i n f a r c t i o n  d u e  t o  c h r o n i c  e s s e n t i a l  o r  m a l i g n a n t  h y p e r t e n s i o n  
( B e r k o w , 19 7 7 ) .
M y o c a r d i o p a t h y : V a r i e t y  o f  n o n i n f l a m m a t o r y  p a t h o l o g i c  l e s i o n s  
o f  t h e  m y o c a r d i u m  ( B e r k o w ,  1 9 7 7 ) .
U r e m i c  L u n g : R a d i o g r a p h i c  d e m o n s t r a t i o n  o f  p e r i h i l a r  v a s c u l a r  c o n ­
g e s t i o n  w i t h  r e l a t i v e l y  c l e a r  p e r i p h e r a l  l u n g  f i e l d s  ( b u t t e r f l y  
w i n g s )  w h i c h  f a i l s  t o  r e s p o n d  to  f l u i d  e x t r a d i t i o n  d u r i n g  h e mo ­
d i a l y s i s  ( F r i e d m a n ,  1 9 7 8 ) .  Symptoms  i n c l u d e  s h o r t n e s s  o f  b r e a t h ,  
c o u g h  and o r t h o p n e a  ( r e s p i r a t o r y  c o n d i t i o n  i n  w h i c h  t h e r e  i s  
d i s c o m f o r t  i n  b r e a t h i n g  i n  a n y t h i n g  b u t  an  e r e c t  o r  s t a n d i n g  
p o s i t i o n  ( S c h o e n f e l d  and H u m p h r e y s ,  1 9 7 6 ) .
E c c h y m o s i s : E x t r a v a s a t i o n  o f  b l o o d  i n t o  t i s s u e  s p a c e s  s h o w i n g  
i t s e l f  i n  t h e  f o r m  o f  a p a t c h  o f  p u r p l e  c o l o r  t h a t  i s  e x p e c t e d  t o  
r e s o r b  ( L i e d e r  and  R o s e n b l u m ,  1 9 6 8 ) .
E x c o r i a t i o n s : A l i n e a r  o r  h o l l o w e d  o u t  c r u s t e d  a r e a  c a u s e d  b y  s c r a t c h  
i n g , r u b b i n g ,  o r  p i c k i n g  ( B e r k o w ,  1 9 7 7 ) .
U r e m i c  F r o s t : W h i t e  p a r t i c l e s  o f  u r e m i c  f r o s t  f o r m i n g  o n  t h e  s k i n  
( F r i e d m a n ,  1 9 7 8 )  .
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Appendix CiHemodialysis: A Brief Summary of Principles and Procedures.
G u t c h ,  C . F .  and  S t o n e r ,  M . H . ,  R e v i e w  o f  H e m o d i a l y s i s  F o r  
N u r s e s  and D i a l y s i s  P e r s o n n e l .  S e c o n d  e d i t i o n .  C . V .  Mosby  
C o . ,  S t .  L o u i s ,  1 9 7 5 .  P g s .  3 5 - 3 7 , 4 1 - 5 1 .
HEMODIALYSIS
GENERAL
■ Define artificial kidney.
An artificial kidney is an apparatus for removing metabolic 
wastes or other poisons from the body when the natural kidneys 
are not functioning adequately. Technically it is called an “extra- 
corporeal (outside the body) hemodialysis apparatus."
■ What does hemodialysis mean?
Hemo- indicates "blood." Dialysis is of Greek origin and means 
a “loosening from something else" (separation or filtration). In 
clinical usage, the waste materials in blood are filtered through 
a semipermeable membrane and eliminated.
■ What is a semipermeable membrane?
A semipermeable membrane is a thin sheet or layer of ma­
terial that may be regarded as having submicroscopic openings 
or holes. Particles smaller than these openings, called "pores," 
pas3 through, while larger ones are retained.
A
TO EQUAL 
CONCENTRATION
Fig. 3-t. Semipermeable membrane. (Adapted from Nosd, Y .: Manual 
on artificial organs, Vol. I :  The artificial kidney, St. Louis, 19G9, The 
C. V. Mosby Co.)
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■ How docs the semipermeable membrane function in hemo- 
dialysis?
The patient’s blood is passed through a compartment formed 
by semipermeable membrane on each side. Surrounding this com­
partment is dialyzing fluid. Red and white blood cells and most 
plasma proteins are too large to pass through the pores of the 
membrane (about 50 A). Water and small particles pass freely 
i across the membrane by diffusion. (See Fig. 3-1.)
■ What is diffusion?
Since particles in solution are in constant motion, they tend 
1 to spread uniformly throughout the solution. The rate of spread
depends on concentration, size, and electric charge of the par­
ticles (see Chapter 2).
■ Why are not all the solutes and water from the blood re­
moved by the dialyzer?
The dialyzing fluid, or dialysis bath, is made up of an elec­
trolyte solution approximating the concentration of "normal” 
plasma. Water molecules pass freely across the membrane in both 
directions. Ions also pass, their speed depending on particle size 
and electric charge. If there is an excess of a given kind of par­
ticle on the blood side of the membrane, some of the excess will 
pass into the bath in an effort to reach equilibrium. The reverse 
is also true. Osmolality of the bath may be adjusted with dex­
trose or invert sugar to approximate that of the patient's blood 
and to prevent water from being attracted into the blood com­
partment by osmosis.
■ What is osmosis?
Water molecules are very small and pass the pores of a semi­
permeable membrane quite easily. If we have a solution (some 
substance dissolved in water), we may think of the number of 
particles of the substance (solute) as indicating its concentra­
tion. Although we do not usually think about it, there is also a 
"water concentration” in the solution, represented by the number 
of water molecules present. If the number of solute particles is 
increased (solute concentration raised), the water concentration' 
per volume of solution is decreased. If two solutions of the same 
substance (for example glucose) but of different concentrations 
are separated by a dialysis membrane, there will, be two concen­
tration gradients working. First, glucose molecules will tend to 
diffuse from the area of high glucose, concentration to that of 
lower glucose concentration until equilibrium is reached. Sec­
ond, water molecules will pass from the area of higher water
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concentration to that which is lower. This will be apposite to the 
direction of passage of the glucose molecules. Since water par­
ticles pass through the membrane more quickly than do those of 
glucose, there will be an increase in volume on the high glucose 
side initially. Eventually equal concentrations of both water and 
glucose will be reached on each side of the membrane, and the 
volumes will be the same.
■ What waste products are removed by hemodialysis?
More than 200 nitrogenous compounds have been shown to ac­
cumulate in the uremic person. These include urea, creatinine, 
indoles, phenols, guanidines, and many others. Such solutes will 
pass through the pores of the membrane, depending upon mo- 
• locular size and concentration in serum.
! Dialysis may be used in certain exogenous poisonings—par­
ticularly ethylene glycol, methyl alcohol, some barbiturates and 
other sedatives, salicylates, and others for which rapid removal 
. from the blood is advantageous.
■ What is meant by selective permeability?
There are many different particles, molecules, and ions in 
blood. They vary widely in size and molecular weight. The elec­
trolytes are the smallest particles, with sodium having a molecu­
lar weight of approximately 23 and calcium 40. Urea has a molec­
ular weight of 60, creatirftne 113, and uric acid 168. Dextrose is 
180, albumin 68,000, and globulin 150,000. Red and white blood 
cells, bacteria, and virus are all much heavier and larger. Mem­
branes used for clinical dialysis currently are essentially im­
permeable to particles of molecular weight greater than 5,000. 
Much interest presently centers around "middle molecules”— 
those in the range of 300 to 2,000 molecular weight—which dif­
fuse poorly across conventional membranes. Molecules in this 
range are suspected of being a cause of uremic neuropathy.
Even for pavticles that are sufficiently small to pass through 
the pores of the membrane easily, there are differences in their 
rate of passage. This rate is inversely proportional to the size 
of the particles involved and is reflected in their diffusibility. 
Thus chloride diffuses more readily than urea, which diffuses 
more quickly than creatinine or glucose.
Dialysis is an effective modality whereby desirable elements 
can be retained on the blood side of a membrane, unwanted par­
ticles can be passed through to the bath, and dangerous agents 
such as bacteria or viruses are prevented from entering the 
blood. *
i
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DIALVZEJI EFFICIENCY
Patient, physician, chemist, engineer, and equipment manufac­
turer all consider effectiveness of a hemodialyzer from different 
points of view. Factors involved |n these differing perspectives 
are comfort, lime, safety, cost, and so on. The ultimate measure 
. of effectiveness for any dialyzcr is that it produces a good, safe 
; clinical result for the patient. Technical aspects of dialyzer effi­
ciency have to do with solute clearance (mass transfer), ultra­
filtration, blood volume, and internal resistance to blood flow.
■ "What does clearance mean?
i The clearance concept is important to the nephrologist in 
judging the ability of the natural kidneys to remove metabolic 
• wastes. The same clearance concept has been applied to artificial 
kidneys. The idea of "clearance” was developed in the 1920s by 
Austin, Stillman, and Van Slyke to compai'e the ability of dis­
eased kidneys to excrete urea with that of normal kidneys. Clear­
ance is an empirical measure indicating a calculated volume of 
blood completely cleared of a substance * in 1 minute. I t  is a 
theoretical volume, not a real volume.
The basic clearance equation is:
r  _ u . - v  
c * "  - p T
whcre C, =  clearance of x (ml/min of blood)
U, =  concentration of x in urine (mg/100 ml)
V =  volume of urine (ml/min)
P , =  concentration of x in plasma (mg/100 ml)9 '
■ How is this equation used to evaluate'performance of a he­
modialyzer?
The formula above is modified to:
where C, — clearance of x (ml/min of blood)
A, =  arterial (inlet) concentration of x (mg/100 ml)
V, =  venous (outlet) concentration of s  (mg/100 ml)
Q* =  blood flow rate (ml/min)
When the clearance of a solute is given as an indicator of the 
performance of a particular dialyzer, it is important that the 
blood flow rate be given. Within the usual working range, clear­
ance increases directly as blood flow increases. Also, clearance re­
sults are-affected by solute concentration; at a particular blood 
flow rate, the clearance of x  is greater at higher arterial concen­
tration than at a lower concentration for the same dialyzer. The 
diffusion gradient is less at lower concentrations. This should be 
remembered in interpreting dialyzer clearance data.
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* What is meant by mass transfer?
Mass transfer is a term borrowed from chemical engineering 
that indicates movement of chemical species across a phase 
boundary. As applied to dialysis, it refers to transfer of solute(s) 
from one compartment to another across the dialysis membrane. 
The rate of movement—mass transfer rate—is also termed the 
solute flux.
■ How is mass trnnsfer rate determined?
The quantity of a given solute x entering the blood compart­
ment of a dialyzer per unit time is equal to the concentration 
of z multiplied by the blood flow rate. Likewise the quantity of z 
leaving the dialyzer is the product of the outflow concentration 
times flow rate. The difference between quantity in and quantity 
out represents the solute (lux, or mass transfer rate.
■ What factors affect mass transfer rate?
Flux, at a constant temperature, is governed by the solute 
concentration gradient and the physical characteristics of the 
dialyzer. The latter include effective membrane surface area, 
membrane permeability, and membrane sieving coefficient.
Solute flux, in flowing fluids, is the result of (1) diffusion 
(conductive mass transfer) and (2) ultrafiltration (convective 
mass transfer). Most flux in clinical dialysis results from con­
ductive transfer, or diffusion.
■ What is the nature of convective mass tranfer?
The sieving coefficient is the ratio of solute concentration in 
blood to its concentration in ultrafiltrate and is expressed as 
s =  Cf/C,,. That portion of solute flux resulting from ultrafiltra­
tion may be expressed:
N , =  s • Q, • C*
where N, =  mass transfer rate from ultra  filtration 
s =  sieving coefficient 
Q, = rate of ultrafiltration 
C, = mean solute concentration in blood
Convective mass transfer is relatively unimportant in overall , 
solute flux for particles the size of urea, creatinine, uric acid;
: and phosphate and accounts for about 3% of their transfer in
! conventional, dialysis. However, as molecular size increases, con­
vective transfer assumes a more important role and becomes a 
significant factor in the flux of molecules in the 1,000 to 5,000 
molecular weight range. '
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■ What is the mass transfer coefficient?
From the laws of fluid mechanics, the differential equation 
! for the rate of solute transfer, blood to dialysate, a t  a specific 
j differential point is dN =  IC^  (Cb — CtI) dA. This is integrated 
| to:
i  N = K A (AC)
9
I where N = mass transfer rate (moles/min)
! Kff = overall mass transfer coefficient (cm/min)
j A_ = membrane area (cm1)
AC = logarithmic mean concentration difference, blood to fluid
(moles/cm’)
It is important to note that the overall mass transfer coef­
ficient (Kff) encompasses diffusive movement of solute in blood, 
across the membrane, and jn dialysate and also the component 
resulting from convective transfer. is an average coefficient 
based on varying concentration gradients progressively along the 
length of the dialyzer.
AC is affected by flow rates of blood and fluid and by flow 
geometry.
* Discuss flow geometry.
Flow geometry involves the relative directions of flow of 
blood and of dialysis fluid and the characteristics of these flows. 
Clinical hemodialysis is based upon four flow geometries: (1) co­
current, (2) countercurrent, (3) well mixed, and (4) cross-flow.
Most pnrallel-flow dialyzers using single-pass utilize counter- 
current flow (blood one direction, fluid opposite direction). Co- 
current flow (blood and fluid in the same direction) is less ef­
ficient and is rarely used. Cross-flow is employed in coil dialyzers. 
Completely mixed systems are represented by a totally recircu­
lating fluid system or its modification, the recirculating single­
pass, in which a small recirculating volume is constantly replen­
ished by fresh fluid. /
The geom etry of the flows involved will affect the concentra­
tion g rad ien ts  a t  the  inlet and outle t p o rts  and is an im p o rtan t 
fac to r in the calculation of AC for dialyzer evaluation.
■ What is mass transfer resistance?
Mathematically, the average mass transfer resistance is the 
reciprocal of the average mass transfer coefficient, that is, 
R , =  1/Ktf. In clinical dialysis, it represents the total of all the 
resistance to solute passage through the blood, across the mem­
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brane, and into the effluent fluid. Thus:
R,. =  Rk +  R„ +  R4
where Rk = resistance to diffusion in blood
R„ = resistance to passage across the membrane 
Rj = resistance to diffusion in dialysate
■ How are the mass transfer resistances determined?
i
Membrane resistance (Rm) can be measured with considerable 
precision by means of laboratory permeability test cells for n 
| great variety of solutes. Dialysate resistance (Rri) is estimated, 
j using a membrane of known permeability, by varying the fluid 
flow rate over a wide range (up to several thousand milliliters 
per minute). When overall transfer resistance becomes constant, 
it is assumed that dialysate resistance is near zero. Blood re* 
sistance (R,,) is extrapolated for a given dialyzer after R,, Rni, 
and Rtl have been determined.
■ Of what practical value is mass transfer resistance?
An appreciation of the various resistance factors is important 
to understanding the design of new dialyzers and in the applica­
tion of in vitro test data to clinical dialysis. In conventional he­
modialysis, 50% or more of total resistance for such molecules 
as urea, creatinine, and uric acid is contributed by the blood 
film (R,,). A more permeable membrane may, therefore, not 
contribute a great deal to the performance of a dialyzer in re­
moving these solutes.
However, for molecules in the range of molecular weights 
1,000 to 5,000, the blood resistance decreases, relative to small 
particles, and membrane permeability becomes a dominant fac­
tor in overall transfer resistance.
■ What is dinlysance?
Dialysance is a term developed by Wolf during the early 
1950s as an attempt to express the kinetics of hemodialysis. It 
was defined as "the net rate of exchange of a substance between 
blood and bath, per minute, per unit blood-bath gradient."
Renkin subsequently (195G) defined dialysance in terms of 
dialyzer parameters;
I D = Q„ • [1 -  e (—PA/QJ]I
! where P = membrane permeability
A = mc’mbrane surface area '
Q, = blood flow rate (inlet) 
e =  base of natural logarithms ,
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In the clinical setting, the usual equation for calculating di­
alysance is :
where C =  concentration of solute 
bi =  blood inflow 
bo =  blood outflow 
di =  dialysis fluid inflow
•  How does dialysance relate to mass transfer?
Dialysance is useful in comparing the clinical effectiveness of 
various dialyzers in terms of specific solute removal at specific 
blood and fluid flow rates. The engineer considers this a "black 
box” approach that does not relate to the specifics of mass transfer. 
In terms of what has been stated, the Renkin equation may be 
represented: D =  Qh • [1 — e (Kf A/Qh) ]. This substitutes for the 
permeability factor, the average overall mass transfer coefficient. 
Thus dialysance, as a clinical parameter, may be predicted from 
the design specifications of a dialyzer.
■ Are there limitations on blood flow?
In clinical dialysis one is limited by the rate  a t which blood 
can be delivered by the patient’s vessel, either arterial cannula 
or fistula. In passive flow systems (without a pump), the size of 
the cannula and the patient’s blood pressure limit available blood 
to 150 to 200 ml/min. Even with a pump, the size of the cannula 
or fistula needle usually limits the flow to under 300 ml/min. 
Excessive pump speed creates negative pressure and may collapse 
the vessel. The most commonly used flow rate is approximately 
200 ml/min.
■ What limits membrane surface area?
Two factors prevent use of a very large membrane area: (1) 
The volume of blood contained within the dialyzer directly 
increases as dialyzing surface is increased. A practical upper 
limit is 500 ml of blood in the extracorporeal circuit, and less is 
desirable. (2) Geometric factors must be considered: a long 
dialyzer is less efficient than a short one; increasing width or 
number of channels leads to difficulty in getting even blood dis­
tribution; and coiling or folding the channels increases the re­
sistance to flow.
t
■ What membrane surface areas are  currently  used?
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Many hemodialyzers employ a surface area about 1 m2; some 
are smaller and some larger. Not all this area is effective dialyz- 
ing surface. Contact with membrane support structures produces 
dead space, which may account for 10% to 30% of total area, 
depending on the nature of the supports. Development of the mid­
dle molecule concept and the square meter-hour hypothesis has 
created new interest in very large surface area dialyzers—1.5 to 
2.5 m2. Whether long-term clinical results will confirm the theo­
retical assumptions is not yet determined.
■ May other factors in dialyzer efficiency be modified to im­
prove results?
1. Solute diffusibility is essentially a constant and is not 
subject to variation.
2. Temperature increase does raise diffusibility, but in clini­
cal hemodialysis temperature higher than 42° C (107° F) causes 
hemolysis of red blood cells and is a practical limitation.
3. Blood-to-bath concentration gradient for low molecular 
weight solutes may be increased by increasing dialysis-fluid flow 
rate. By increasing fluid flow, one may keep the concentration of 
such metabolites in fluid very low. Practically, there is little sig­
nificant increment in efficiency when dialysis-fluid delivery rate 
is increased beyond 500 m!/min. Utilization of countercurrent 
flow (blood flow in one direction, bath flow in the opposite direc­
tion) makes the best use of the concentration gradient.
4. Membrane permeability is a variable that is subject to im­
provement without violating practical limits of blood flow, extra- 
corporeal volume, temperature, and the like.
* What determines permeability of a membrane?
It is convenient to visualize a semipermeable membrane as a 
very thin sheet with numerous tiny holes, or pores. These pores 
must be large enough to permit passage of water and solutes but 
small enough to hold back protein and the formed elements of 
blood.
Electron microscopy shows tha t the fibers of cellophane and 
other cellulose membranes swell upon being wet to form a tor­
tuous maze. The "pores” are not simple holes but are twisting, 
! irregular tunnnels that may require a solute molecule to travel
i a distance several times the thickness of the wet membrane itself
I in order to get through. Permeability can be improved by making
1 the membrane thinner, by increasing the number of submicro-
scopic spaces between the fibrous strands, or by making them
{ larger in diameter. *
\
I _ .i " * —
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There is an alternative theory to the pore concept of permea­
bility. This views the membrane as a homogenous phase, or sol­
vent, into which solute diffuses from solution a t one interface 
and from which this solute diffuses at the opposite interface. At 
each interface there is a concentration gradient. This concept is 
much more difficult to visualize than that of pores, yet it  pro­
vides a better explanation of why some substances of similar 
molecular size have widely different permeability through a given 
membrane.
■ What is the nature of cellulosic membranes?
Cellulose is derived from the matrix material of plant cell 
walls. It is processed commercially by a complex treatment with 
heat and chemicals that reduce the fibers to a slurry. The liquid 
material can be coagulated and formed into sheets or tubes. This 
"regenerated cellulose" is cellophane or Cuprophan or others, de­
pending upon chemical treatment.
Chemically cellulose is a complex carbohydrate (C0H10O,)y 
that behaves like an alcohol and forms esters with acids. Most 
sheet or tubing of cellulosic material is on the order of 12 to 30/i 
in thickness when dry. When wet, the thickness is approximately 
doubled. Such membranes have a theoretical pore diameter of ap­
proximately 5 nm. Special ultrathin membranes have been pre­
pared that have a dry thickness of less than 1.5^.
■ Are membranes other than cellophane used for dialysis?
In addition to the ultrathin membranes mentioned above, 
several other approaches have been developed. Most current hol- 
low-fiber kidneys employ cellulose acetate fibers having a wall 
thickness of about 25^. Other synthetic materials used include 
polymethyl-D-glutamnte, polyacrylonitrite, and certain polycar­
bonates and polysulfones. The last two have the advantage of 
withstanding sterilization by the steam autoclave. All have per­
meabilities several times that of Cuprophan 150 for solutes in the . 
middle molecule range.
■ Why is ullrafiltration an. important consideration in dialyzer
efficiency?
Without normal kidney function, it is inevitable that a person 
will retain and accumulate water. This in itself will cause death. 
Controlled fluid removal is essential for the maintenance dialysis 
patient.
Ultrafiltration is the result of a pressure gradient from blood1 ' 
to dialyzer across the membrane, causing water to move from the
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Fig. 3*4. Removal of w ater by osmosis. (Adapted from Nose, Y.: M an­
ual on artificial organs, Vol. I :  The artificial kidney, St. Louis, 19G9, 
The C. V. Mosby Co.)
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Fig. 3-5. U ltrafiltration. (Adapted from Nose, Y .: Manual on artificial 
organs, Vol. I: The artificial kidney, St. Louis, 1969, The C. V. Mosby 
Co.)
blood compartment. There are two pressure components that may 
be used: osmotic pressure gradient and hydrostatic pressure 
gradient.
■ Describe fluid removal by an osmotic pressure gradient.
A high concentration of a nonharmful solute such as dextrose 
or invert sugar may be added to the dialysis fluid (Fig. 3-4). 
Concentrations up to 2,000 m g /100 ml have been used. Higher 
levels are dangerous. Each 100 mg/100 ml increment of glucose 
increases osmolality of the bath by 5.5 mOsm/kg. This approach 
is not often used currently.
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; * How docs Ihe hydrostatic gradient operate?
The difference in hydrostatic pressure, blood to fluid, repre­
sents the trails membrane pressure (Fig. 3-5). The rate of ultra- 
fiitration is a function of the mean transmembrane pressure 
(APm), a constant peculiar to the particular membrane, mem­
brane area, and the flow channel geometry of the dialyzer.
APni may be calculated:
where PM = pressure at the blood inlet
Pk. = pressure at the blood outlet
P4 = mean dialysis fluid pressure
■ How may the ultraflltration rate be calculated?
Graphs or nomograms are provided by most manufacturers, 
from which ultrafiltration may be estimated. Coil dialyzers op­
erate with a positive fluid pressure, which is difficult to measure.
However, because of their high frictional resistance to blood 
flow, a relatively high Pb) is always necessary. Additional trans- 
mombrane pressure may be obtained by increasing with a 
constriction at the outlet.
Parallel flow units have much less frictional resistance to blood 
flow and only modest blood compnrtment positive pressure. 
Transmembrane pressure may be increased/by effecting negative 
pressure (suction) on the fluid compartment. From the equation 
APm =  (P m +  P l>0) /2  — P (| it becomes apparent that subtracting 
this negative force adds to the total APm.
It is well to remember that although AP,„ may be estimated 
from graphs according to blood outflow pressure or dialysate 
negative pressure, there is considerable variation in ultrafiltra­
tion because of compliance and flow path variation in different 
units of the same model dialyzer.
* What aspects of dialyzer design affect internal resistance? 
The important factors are:
1. The cross section of the blood flow path— primarily rectan­
gular or circular
2. Length of blood passage(s)
3. Number of flow paths or passages
■ Of what importance is the internal resistance to flow?
From Poiseuille's law of the physics of flow, there is a direct
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relation between the rate of flow and the pressure of the flowing 
liquid. The pressure drop from inlet to outlet of the blood com­
partment at a particular flow rate is APh =  Pbl — PlKi. This de­
crease in pressure, according to Poiseuille’s law, is a function of 
flow rate, shape, and cross-sectional area of the passages, length 
of passages, number of passages, and viscosity of the blood.
As indicated on p. GO, transmembrane pressure is a function 
of Pm and P lm; thus a very high-resistance dialyzer has an in­
trinsic high ultrafiltration rate.
Internal resistance also affects the compliance of the dialyzer.
■ What is meant by dialyzer compliance?
This is the change in internal volume of the blood compart­
ment relative to change in transmembrane pressure. I t  results 
from distensibility of the membrane from increased pressure in 
the blood compartment. Parallel plate and coil designs in general 
are more compliant and have a larger dynamic volume than do 
hollow-fiber dialyzers. Not only is volume increased, but change 
in cross-sectional area may affect flow paths on both blood and 
fluid sides, altering the mass transfer characteristics of the di­
alyzer.
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Appendix D: Medical Abnormalities That Improve With Dialysis
"S o me  u r e m i c  p r o b l e m s  i m p r o v e  a s  t h e  b i o c h e m i c a l  a s p e c t s  d o .
The  BUN, s e r u m  c r e a t i n i n e  l e v e l ,  a n d  s e r u m  p o t a s s i u m  l e v e l  a r e  
d e c r e a s e d  b y  d i a l y s i s .  S e r u m  pH r i s e s .  I m p r o v e m e n t  i s  t e m p o r a r y  
a n d  i s  t h e r e f o r e  r e v e r s e d  b y  t h e  t i m e  t h e  n e x t  d i a l y s i s  t r e a t m e n t  
a r r i v e s .  I m p r o v e m e n t  i s  s u s t a i n e d  b y  r e p e a t e d  d i a l y s e s .  F l u i d  
r e m o v a l  b y  d i a l y s i s  o f t e n  i m p r o v e s  c o n g e s t i v e  h e a r t  f a i l u r e ,  
h y p e r t e n s i o n  a nd  p e r i p h e r a l  e d e m a .  The  c a r b o h y d r a t e  i n t o l e r a n c e  
o f  u r e m i a  i s  c o r r e c t e d .  G a s t r o i n t e s t i n a l  p r o b l e m s  a n d  p l a t e l e t  
a b n o r m a l i t y  i m p r o v e  a n d  t h e  p a t i e n t ' s  m e n t a l  f u n c t i o n i n g  i m p r o v e s  
m a r k e d l y .  He i s  o r i e n t e d ,  a b l e  t o  c o n c e n t r a t e ,  a b l e  t o  l e a r n . "  
( B r u n d a g e ,  1 9 7 6 ,  p . 1 0 4 . ) ( S t a t e m e n t s  a b o u t  m e n t a l  f u n c t i o n i n g  
a r e  m o r e  t h o r o u g h l y  r e v i e w e d  i n  t h e  i n t r o d u c t i o n . )
" A p p a r e n t l y  s h o r t  r e p e a t e d  d i a l y s e s  a n d  a d e q u a t e  p r o t e i n  i n t a k e  
a r e  i m p o r t a n t  i n  a r r e s t i n g  t h e  b o n y  l e s i o n s  o f  r e n a l  o s t e o d y s ­
t r o p h y .  B o n e  d i s e a s e  p r e s e n t  b e f o r e  t h e  i n i t i a t i o n  o f  h e m o ­
d i a l y s i s  u s u a l l y  i m p r o v e s .  ( B r u n d a g e ,  1 9 7 6 ,  p .  1 0 5 . )  A n e m i a  
f e q u e n t l y  i m p r o v e s  s l i g h t l y  w i t h  c h r o n i c  h e m o d i a l y s i s  a s  do  
h e m o r r h a g i c  s y m p t o m s  o f  u r e m i c  p a t i e n t s  ( S c h o e n f i e l d  a nd  Hum­
p h r e y s  , 1 9 7 6 )  .
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A p p e n d i x  D: M e d i c a l  P r o b l e m s  A s s o c i a t e d  W i t h  M a i n t e n a n c e  Hpmn 
( C o n t i n u e d )  d i a l y s i s  ( G u t c h  and S t o n e r ,  1 9 7 5 ,  p g s .  1 5 4 - 1 5 5  
1 5 5 - 1 6 3 ,  1 6 5 - 1 6 6 ,  1 6 8 - 1 7 0 ) .  '
MAINTENANCE HEMODIALYSIS
■ What does maintenance hemodialysis mean?
Maintenance hemodialysis means the repetitive dialysis pro­
cedures necessary to keep a person with irreversible kidney fail­
ure alive and as healthy as possible.
* How often is hemodialysis required for n chronic patient?
Ideally, it would be continuous. Continuous treatment would 
require a small, portable, or wearable artificial kidney. Such a 
device is not clinically available. Practically, most patients are 
treated three times a week. Some have dialysis four or five times 
weekly, a few only twice.
■ Why is frequent dialysis desirable?
Changes in the fluid and biochemical state of the body affect 
total body function by the extent of such changes and by the rate 
of change. A large accumulation of wastes or fluid makes the 
patient ill. Kapid reduction of the accumulation is also stressful 
because of the shifts between intracellular and extracellular com­
partments; again the patient is made ill. Frequent hemodialysis 
reduces the interval for accumulation of metabolic wastes and 
fluid. Total accumulation is less, and rate of reduction during 
dialysis is less.
■ Why not dialyze every dny?
Equipment and supplies are expensive. The dialysis procedure 
takes time, which the patient would prefer to spend elsewhere. 
The duration and frequency of most dialysis prescriptions are a 
compromise between what i3 best for the patient's health and the 
practical limitations of money and time.
ADVERSE REACTIONS
■ What adverse reactions are associated with maintenance he­
modialysis?
Many abnormalities are part of the uremic syndrome. Since 
the maintenance hemodialysis patient is a controlled uremic pa­
tient, it is important to recognize these abnormalities. Some may
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be avoided, others may be treated or minimized by appropriate 
management.
Other abnormalities are directly related to the dialysis process. 
Dialysis as a procedure is subject to modification. The goal of 
every dialysis should be to provide a safe, smooth,, and comforta­
ble treatment, while accomplishing those chemical and fluid 
changes required for the best long-term care of the patient.
■ What causes hypotension as a dialysis Is begun?
Hypotension while beginning dialysis may occur in some pa­
tients with a relatively small blood volume (children, small 
women). It is the result of a blood volume shift as the dialyzer 
is filled with the patient's blood. It is much less frequent with 
small-volume dialyzers than with large units. This type of reaction 
is rarely serious and usually does not last long. It will respond to 
infusion of small amounts of saline or of blood. Careful technic in 
starting the dialysis will minimize occurrence of these episodes. 
One should s tart with a blood-pump speed of 50 to 75 ml/min and 
take 5 to 10 minutes to work up to full pumping speed.
■ What about hypotension occurring la ter during dialysis?
Later hypotension is usually attributable to ultrafiltration. The 
hypotension may be symptomless until there has been a fall of 40 
or 50 mm Hg in systolic pressure. I t  responds to fluid replace­
ment, although the volume required may be greater than for the 
first type of hypotension. Skillful dialysis personnel can, by as­
sessing the blood flow rate and with a knowledge of the ultrafiltra­
tion capacity of the particular dialyzer unit, make a fairly ac­
curate prediction of the amount of fluid that will be removed per 
hour. I t* is  possible to plan a program of fluid replacement 
throughout the dialysis that will avoid hypotension and bring the 
patient to the end of the run reasonably close to the desired 
w eight j  _____■
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■ Some patients with gross edema become hypotensive early 
during a dialysis. Why does this occur?
Patients with gross fluid overload, unless they are in primary 
heart failure, are usually hypoproteinemic or have a low serum 
albumin. The dialysis removes fluid from their vasctdar compart­
ment, but the low serum protein does not exert sufficient oncotic 
pressure to attract fluid in from the extracellular space. The pa­
tient becomes hypotensive from reduced blood volume, even 
though a massive load of fluid remains outside of the circulation, 
in tissue.
The physician may prescribe an infusion of albumin or colloid 
material in an effort to mobilize the extravascular fluid. This pro­
cedure is expensive, and the benefit is often transient. Such pa­
tients generally have a rather poor prognosis.
■ What about a fall in blood pressure not related to any of the 
above?
Occasionally patients have a fall in blood pressure after di­
alysis i3 well started but before significant volume loss has been 
achieved. This fall may be from antihypertensive medication, or 
sedatives, or other medication. I t  is wise to check on the patient's 
medications. In a few instances there is an unstable vasomotor 
system. Careful use of mild vasopressor agents will usually help.
■ Does hypertension occur during dinlysis?
A minority (possibly 10%) of patients develop a rise in blood 
pressure during dialysis. Some have a gradual rise throughout 
the run. Others experience a prompt jump soon after starting, or 
; it may develop any time. Often these persons show a repeat pat-
' tern of response in subsequent dialyses. The cause is ill defined.
1 Occasionally the rise in pressure is the result of increased cardiac
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output as fluid overload is relieved. In other instances there may 
be an increase in peripheral vascular resistance on a reflex or 
hormonal basis. Central nervous system response may be a factor.
; Often this sort of pressure response is best left alone. If  the pa- 
: tient develops symptoms or the increase is sufficient to be alarm­
ing, small doses of hydralazine (Apresoline) or reserpine may be 
given intravenously. Response usually occurs in 5 to 10 minutes,
: and further dosage can be adjusted as needed. Rarely is a potent 
agent such as diazoxide indicated.
■ Is congestive heart failure seen in maintenance hemodialysis
p a tie n ts?
Yes, most often this is directly the result of fluid overload, and 
ultraflltration will relieve it. Often such patients are protein and 
calorie deficient as well as fluid overloaded from poor diet and 
fluid management. The dietician may be able to help in such in­
stances.
A few of these patients develop a peculiar cardiomyopathy with 
a greatly dilated, flabby heart. Such patients are prone to arrhyth­
mias, tolerate ultrafiltration poorly, and are very difficult to man­
age during dialysis.
■ Are arrhythmias common during dialysis?
As older patients and persons with other icomplicating disease 
are taken into dialysis programs, arrhythmias have become not 
infrequent. When present, they are most often caused by underly­
ing heart disease. The physician should make known to the di­
alysis personnel the presence of such problems and their signifi­
cance. Evaluation of a new, or different, rhythm developing dur­
ing dialysis requires an electrocardiogram. The patient should be 
queried as to medications and a review of recent serum potassium, 
calcium, and magnesium values made. Patients with myocardial 
damage may develop arrhythmias of various types in response to 
circulatory volume change or shift in electrolytes, particularly 
potassium. Patients receiving digitalis pose particular problems. 
Before dialysis, when potassium may be relatively high, digitalis 
effect may be minimal. During dialysis, as potassium is lowered, 
arrhythmias may occur as part of a relative digitalis excess. 
Such patients are often dialyzed with at least a 3 m Eq/L  potas- 
i sium bath to minimize the magnitude of potassium change.
I ■ What if a patient develops chest pain during dialysis?
Some patients have pain resembling angina pectoris that comes 
on a t  the beginning of dialysis. Often these persons have a  history
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of underlying heart disease, and the pain must be presumed to be 
angina. It may go away if blood flow is slowed. Often a tablet of 
nitroglycerin or other medication for angina taken ju s t  before 
j hookup will prevent the symptoms. Some patients irregularly have 
a vague chest distress or sometimes low back pain. The mechanism 
is obscure but often seems related to blood volume change. Again, 
slowing the blood flow rate usually helps.
Other adverse reactions
■ What causes muscle cramping during dialysis?
Muscle cramping has been related to a calcium or potassium 
shift. The most common cause is probably fluid shift from ultra­
filtration. pH changes may play a part. Rapid infusion of 100 to 
200 ml of saline solution usually brings relief. Heat and massage 
are temporary measures. In patients in whom there may be pre­
existing small-vessel disease (usually older men), prophylactic 
- use of a quinine preparation before dialysis may reduce or pre­
vent cramping. For some persons a small dose of diazepam 
(Valium) works well.
Use of a relatively high sodium bath (140 to 145 mEq/L) has 
been recommended, but we have had little success with this. 
Pickle-eating and intravenous administration of hypertonic saline 
are "fad” therapy, with little or no real support for their ef­
ficacy.
■ Discuss febrile reactions during dialysis.
Chills and fever during dialysis occur much less frequently 
than they did a few years ago. But they do occur, often in clusters. 
In event of a definite chill followed by a temperature elevation, 
bacteremia should be suspected. Blood cultures should be taken, 
with a notation to the laboratory to "check for unusual organ­
isms.” A frequent site for bacterial contamination is the shunt 
connection or fistula puncture site.
Most febrile reactions are unexplained. They are likely pyrogen 
reactions. Any reused item that comes in contact with blood is 
suspect. Such pyrogen material is usually protein in nature, from 
breakdown products of blood in reused items or breakdown of 
killed bacteria. Formalin used as a sterilizing agent for reused 
items is highly effective in killing bacteria. I t  does not destroy 
them, however, but preserves the dead organisms. Formalin de- * 
natures and fixes any residual proteinnceous material in residual 
blood. It mny thus contribute to the pyrogen problem.
Endotoxin-pyrogenic material produced by bacteria has' been 
demonstrated to be present in the bath of many dialyzers. The 
Minneapolis group was able to show both'in vitro and in vivo that
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such endotoxin was able to cross the apparently intact dialysis 
membrane. Endotoxin was demonstrated in the bloodstream of 
more than 40% pf patients with febrile reactions. A relatively 
simple test for the quantitative presence of endotoxin—the Limu- 
lus test—is now available. Samples of blood and dialysis fluid 
; should be checked by this technic in event of a reaction to attempt 
to locate the source.
Finally, chemical agents such as- formalin itself may cause ' 
febrile reactions when inadvertently introduced into the blood.
On a few occasions, 2-chloroethanol, formed by ethylene oxide and 
water, has been implicated.
OTHER COMMON DIALYSIS-RELATED PROBLEMS 
Itching
Many patients, by the time they come to maintenance dialysis, 
are troubled by itching. The mechanism is not clear. The skin is 
usually dry and lacks lubrication. Most such patients are im­
proved by dialysis, but an occasional patient develops itching 
associated with the dialysis procedure. Usually these persons have 
a high serum phosphorus and are not taking adequate aluminum 
. hydroxide. Rarely the pruritus may be related to magnesium 
taken as a laxative or as a magnesium and aluminum preparation.
A few such patients have parathyroid disturbance related to os­
teodystrophy (see p. 33).
Soothing skin creams or lotions may give temporary relief of 
pruritus. Oral agents such as cyproheptadine (Periactin) or an­
tihistamines may occasionally help. The basic cause should be 
sought.
Headache, restlessness, and mood changes
Such complaints are rather common. As indicated earlier, 
they are likely related to rate and/or extent of water and elec­
trolyte changes between body compartments during dialysis. It 
is important to determine whether this is the result of dietary 
and fluid indiscretion between dialyses or whether it is the pro­
cedure that is a t  fault. If it is the latter, it is often possible to 
change blood flow and dialysis time or to utilize a different type 
dialyzer advantageously.
MEDICAL PROBLEMS ASSOCIATED WITH 
MAINTENANCE HEMODIALYSIS 
Hematologic problems
The hematocrit for normal men is 46% to 52% and for women 
40% to 45%. People with uremia or on maintenance hemodialysis * ’ 
are anemic and have considerably lower hematocrits.
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■ What causes anemia?
Causes include (1) failure of production, or inhibition of ac­
tion, of erythropoietin, a hormone produced by the kidney that 
stimulates bone marrow to produce red cells, (2) a shortened 
life span of the red blood cells, (3) impaired absorption of iron 
from the gastrointestinal tract, and (4) blood loss, including a 
tendency to bleed from the nose or gums, gastrointestinal tract, 
uterus, skin, and so on.
■ Does dialysis influence the anemia?
Dialyzer leaks, incomplete blood recovery after dialysis, and 
excessive blood sampling contribute to anemia. However, the pa­
tient who is receiving adequate dialysis, is in good nutritional 
state, and has adequate iron stores and intake will usually sta­
bilize with a hematocrit between 20% and 30% without trans­
fusions. It is unusual for the hematocrit to go much higher, ex­
cept for persons with polycystic disease, in whom there may be 
greater than normal production of erythropoietin.
■ Does the anemia produce symptoms?
In chronic renal failure, the anemia ha3 usually been present 
for many weeks or months, and the patient has become adjusted 
to it. As the hematocrit improves on dialysis, the person begins 
to feel better. Such people still have considerably fewer red cells 
than normal, and so they are apt to become dyspneic and tire 
easily.
■ When should transfusions be given?
The routine giving of blood at a certain hematocrit value is 
futile. If the patient suffers a large blood loss from a rupture of 
the dialyzer or from hemorrhage, the blood should be replaced. 
If a patient with a gradually falling hematocrit becomes short 
of breath or excessively fatigued or has angina, a transfusion 
may relieve the symptoms.
■ What are complications of transfusions?
1. Incompatibility reactions are caused by major or minor 
blood-group incompatibility. Manifestations, such as chest or 
back pain, chills, and fever, occur soon after blood is started. The 
transfusion should be stopped. A blood specimen should be drawn 
from the patient for hemolysis and for recheck of type and cross 
matching. Chills or fever should be treated symptomatically. In­
travenous steroid may be used if symptoms are severe.
2. Allergic reactions to leukocytes, platelets, or protein of the
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donor blood occur. Manifestations are chilling, fever, and/or skin 
eruption. They come on 30 to 60 minutes after s tar t  of trans­
fusion. They should be treated by slowing the rate of infusion. 
An antihistamine diphenhydramine ([Benadryl], 20 to 50 mg) 
or steroid should be given intravenously if symptoms are severe.
3. Hepatitis, either the serum type or infectious type, may be 
transmitted by blood. The onset is from 1 to 4 months after the 
transfusion (see p. 164).
4. Preformed antibodies may result from minor incompati­
bility or allergic reactions. They are particularly important to 
the patient who hopes for transplantation. Preformed antibodies 
to leukocytes, platelets, or protein products may result in acute 
or hyperacute rejection of an otherwise excellent transplanted 
kidney.
■ What can be done to minimize the anemia?
A good dietary intake of protein, including adequate amounts 
of the essential amino acids, is important. Adequate iron intake 
is essential if the patient’s iron stores are depleted. Oral iron 
supplements, such as ferrous sulfate or ferrous gluconate, are 
often adequate. However, many chronic dialysis patients have an 
apparent absorptive defect of iron from the gastrointestinal tract 
(possibly related to their serum-protein status). These people 
are also prone to gastrointestinal upset, nausea, gas, vomiting, 
or anorexia, and these symptoms are sometimes aggravated by 
oral iron. Intravenous iron, as the saccharated iron dextran (Im- 
feron), can be given in 100-mg doses, usually for a total course 
of 1 gm, depending on the adequacy of iron stores as indicated 
by marrow examination or by a significant degree of unsatura­
tion of serum iron-binding capacity. Folic acid and vitamin B,5, 
both of which are important in red cell formation, are water 
soluble and are theoretically depleted by dialysis. Although there 
is little evidence that these vitamins are seriously deficient, it is 
usual to give a multivitamin supplement, either orally or paren- 
terally, to all dialysis patients.
Abnormal calcium and phosphorus metabolism
Disturbances of calcium and phosphorus metabolism are fre­
quent in persons who develop their renal insufficiency gradually, 
and they may be apparent before dialysis is required. Dialysis 
does not correct the disordered calcium-phosphorus metabolism, 
and progressive osteodystrophy (the term for the bony manifes­
tations) is a serious problem for many chronic hemodialysis 
patients.
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■ What are factors in the development of osteodystrophy?
During the development and gradual onset of kidney failure 
there is loss of ability to excrete phosphate. As phosphate ions 
accumulate in the blood, there is a reciprocal depression of serum 
calcium. The parathyroid glands, located in the neck behind the 
thyroid, are primarily concerned with maintaining a normal con­
centration of calcium in body fluid. They respond to the reduced 
serum calcium by increased production of parathyroid hormone 
and may hypertrophy or enlarge. Parathyroid hormone exerts an 
influence on bone, causing calcium to be resorbed from it. The 
result is loss of bone density and strength.
■ Are there other factors in the bone disorder?
The absorption of dietary calcium from the intestinal tract is 
decreased in chronic renal failure. This defect persists in persons 
on regular dialysis.
There is resistance to the action of vitamin D, which normally 
enhances the absorption of calcium from the gastrointestinal 
tract. I t  may also have an effect on the incorporation of calcium 
into the bone.
* Describe some of the bony changes seen in osteodystrophy.
There is decreased calcium content of bone or loss of both 
calcium and supporting matrix (conditions known as osteoma­
lacia and osteoporosis). These changes may result in multiple 
fractures of ribs or other bones and compression of vertebral 
bodies. Occasionally patchy areas of increased bone density are 
seen by x-ray. This condition is called "osteosclerosis." Its sig­
nificance is not understood.
Another finding thought to indicate uncontrolled or "wild” 
parathyroid overactivity is osteitis fibrosa cystica. Cystic areas 
of reabsorption are seen near the ends of long bones on x-ray 
examination. There is also subperiosteal reabsorption of bone 
seen in the distal ends of clavicles and in small bones of the hands 
and feet.
■ Docs osteodystrophy cause symptoms?
Some patients complain of sore, painful feet. Fractures, when 
they occur, are painful. Such fractures heal poorly.
■ Are there other problems from osteodystrophy?
• Metastatic calcification (deposits of calcium in soft tissue) 
occurs. Because of the disturbance of the c»lcium-phosphorus 
ratio in serum, usually with a high phosphorus level, calcium pre­
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cipitates in tissue around joints or is deposits  at the periphery 
of the cornea of the eye. Medium-sized arteries may have cal­
cium deposits to such an extent that they become visible on x-ray 
films. Less apparent, but more dangerous, are diffuse deposits of 
calcium in the heart muscle and in the lung. Itching may be in­
tensified in presence of a high calcium-phosphorus ratio. Skin 
ulcerations and gangrene of the tips of toes and fingers have 
occurred. Aggravation of high blood pressure is frequent.
■ Can osteodystrophy be treated?
Knowledge of the mechanisms involved in th is disorder is in­
complete. Certain measures are generally accepted including the 
following:
1. Aluminum hydroxide preparations, (used as antacids in 
the treatment of peptic ulcer) are given in large doses. The 
aluminum hydroxide binds phosphorus in the gut and prevents its 
absorption. This lowers the serum phosphorus, allowing serum 
calcium to rise (hence, hopefully, reducing the response of the 
parathyroid glands), and reduces the likelihood of soft tissue 
calcification.
2. Oral intake of dairy products is restricted, since they are 
high in phosphorus content.
3. An oral calcium supplement (calcium carbonate, lactate, 
or gluconate) is given by some centers to overcome the absorp­
tive defect of calcium. This should not be done until the serum 
phosphorus is under good control with aluminum hydroxide gel. 
Absorption is not predictable, and very large doses may be nec­
essary.
4. The dialysis bath concentration of calcium should be kept 
at 3 mEq/L (6 mg/100 ml). A few units prefer a bath concen­
tration of 4 mEq/L calcium. At lower levels there is a net loss 
of calcium from blood to bath, which aggravates the bone deple­
tion. Higher bath calcium levels have been tried, but they often 
cause agitation, nausea, and vomiting during dialysis.
5. Vitamin D has been given when the serum calcium is low. 
Dosage is difficult to adjust—2 to 3 weeks are necessary to detect 
its effect—and should the serum calcium rise higher than normal, 
the effect of the vitamin requires many weeks to wear off.
Recent work has shown the kidneys are the normal site- of 
conversion of vitamin D to the metabolically active form, 1,25- 
dihydroxycholecalciferol. This agent has been synthesized and is 
under investigation as a potent agent to alter calcium-phosphorus 
metabolism in uremia.
. 6. In instances in which it Is ,c lear tha t parathyroid gland 
| overactivity is a major factor, subtotal parathyroidectomy is 
I surgically performed (removal of seven eighths of the glands).
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■ W hat are  the symptom s and findings of acu te  hepatitis?
Jaundice (icterus) is the classic finding of hepatitis. However,
cases of active hepatitis without jaundice (anicteric) greatly 
outnumber those with jaundice among dialysis patients.
Other symptoms are malaise, poor appetite, nausea, and in 
cigarette smokers the complaint that cigarettes do not taste 
right. There may be tenderness over the liver.
Serum bilirubin may be minimally elevated in anicteric pa­
tients. SCOT often is raised several orders of magnitude. Alka­
line phosphatase may be elevated briefly.
■ What is the risk of hepatitis in dialysis units?
In the general United States population the r.eported incidence 
of all types of hepatitis is 0.02% to 0.03%.
In the period 1968 to 1970, there was a 10% incidence of diag­
nosed hepatitis in dialysis patients and a 4% incidence among 
personnel. A 1973 study of fifteen centers (slightly less than 1% 
of the total United States dialysis population) reported presence 
of HB Ag or HB Ab in 50% of patients and 30% of staff.
A 1972 review of European centers indicated nearly 20% of 
patients had either clinical B virus hepatitis or were HB Ag posi­
tive. Among European staff members who developed hepatitis in 
1972, the fatality rate was 2.4%.
■ Why is hepatitis such a problem in dialysis units?
1. The uremic individual, because of diminished immune re­
sponse, may have hepatitis without symptoms and with minimal 
laboratory findings other than HB Ag. Only 30% of patients de­
velop jaundice. Patients who become HB Ag positive may remain 
j so without developing HB Ab for prolonged periods and must be •' 
| considered chronic carriers.
i 2. The dialysis environment is unique in potential for virus 
spread. Limited space, frequent blood spillage, and innumerable 
uses of needles contribute to ideal conditions for spread of the 
, virus once introduced.
j 3. Emergency dialysis m ay 'bring  unscreened “patients-^who 
I may be carriers— into the unit. A report of a positive HB Ag 
i  after such a patient has already been dialyzed several times is 
; too late. -••• * "
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■ Is neuropathy relieved by d ia lysis?
If dialysis is begun early, when burning feet or restless legs 
are the only symptoms or only prolongation of conduction time is 
demonstrable, frequent dialysis may prevent worsening. More 
severe nerve damage responds very slowly to dialysis, if at all. 
If the amount and frequency of dialysis are not adequate, neu- 
■' ropathy may develop or, if already present, will worsen.
Joint disorders
Uric acid is frequently elevated in chronic dialysis patients. 
This hyperuricemia may be associated with a goutlike involve­
ment of one or more joints. Occasionally there is a true gouty 
attack, but most episodes are of pseudogout.
■ What is pscudogout? >
Pseudogout is an acute inflammation, usually involving a 
single area at or near a joint. The back of the hand or wrist, 
finger joints, and shoulders are common locations. Pain comes on 
abruptly, followed rapidly by tenderness, swelling, and limitation 
of motion. This lasts 3 to 5 days or longer unless treated.
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■ How may H be treated?
Usually the physician will prescribe colchicine or phenylbuta­
zone (Butazolidin) or indomethacin (Indocin). They most often 
relieve the distress in 24 to 36 hours.
■ Are there residual effects of pseudogout?
Soft tissue swelling may persist for several weeks. One can 
often see areas of calcification a t  these sites by x-ray.
■ Is there any preventative treatment?
Frequent dialysis should keep the uric acid below serious 
levels. If the uric acid level persists at 10 m l/100 ml or higher, 
use of allopurinol to lower it should be considered. The patient 
needs to faithfully take his aluminum hydroxide, since phosphate 
has an important role in the deposition of calcium in soft tissue.
Gastrointestinal problems
* Is peptic ulcer disease common in. dialysis patients?
Medical opinion varies; some reports cite an increased inci­
dence of peptic ulcer, others do not. There are reports of higher 
than normal gastric acidity related to high blood levels of gas­
trin, which may be in turn related to parathyroid overactivity. 
Other works indicate lower gastric acidity, presumably related 
to increased urea and hence ammonia. Our own experience, sup­
ported by others, suggests the incidence of ulcer disease in di­
alysis patients is some 10% to 12%, which is the same as for 
the nonuremic general population.
I t  has been an impression that peptic ulcer disease may be 
relatively nonsymptomatic in dialysis patients, with a  greater 
propensity for sudden massive bleeding without warning.
* Why is prevention of constipation important?
Because of diet, limited fluid intake, and regular ingestion 
of aluminum hydroxide, it is easy fo r  the dialysis patient to be­
come quite constipated or to develop fecal impactions. As more 
older patients are taken into dialysis programs, there is more 
functional constipation. More important, however, these people 
have a much higher instance of colon diverticuli. Diverticulitis 
or perforation is not rare. Hematomas of the bowel and even 
perforation after injudicious enemas have occurred.
■ How should constipation be treated?
Cathartics and laxatives should be avoided. Stool softeners, 
such as dioctyl sodium sulfosuccinate (Colace) or dioctyl cal-
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cium sulfosuccinate (Surfak), seem to work well, although they 
are expensive and often require larger than usual doses. Usually 
a patient can arrive at a satisfactory individual dose.
Ascites
i  Ascites is a relatively infrequent problem that may be very 
; troublesome. Most cases are related to repeated fluid overload 
j  and to poor nutrition. Abnormal cell membrane permeability may 
j be a factor. Although some patients survive and overcome their 
I ascites, the more common course is deterioration and death.
i
Reproductive tract problems
Menstrual dysfunction. Women commonly have cessation of 
menstruation as a part of the uremic syndrome. Some resume 
normal periods after dialysis is begun and with improvement in 
general health. Often, however, periods are irregular or flow ex­
cessive and/or prolonged. This may be aggravated by hepariniza- 
■ tion.
Since excess blood loss should be avoided, menstrual ab­
normalities should be brought to the physician's attention. Most 
excessive menstrual loss can be controlled without surgical inter­
vention or by curettement only.
Infertility. Infertility, both male and female, is the rule. Bi­
opsy studies indicate poor sperm formation in most men. The 
exact mechanism is less clear in women but is presumed to be 
endocrine in nature. Fewer than ten known term pregnancies 
have been reported around the world in female maintenance di­
alysis patients.
Sexual problems. Sexual dysfunction is a real problem for the 
majority of maintenance dialysis patients. Reduction of libido 
and impotence in men are common as uremia develops. The few 
studies that have been done suggest that this is not improved 
with return to general well-being after regular dialysis is begun 
and may indeed worsen.
The reasons for failure of sexual function to improve are un­
clear. It i3 usual to ascribe it to an emotional basis, and there is 
little doubt that there are many psychologic implications. How­
ever, there is a distinct possibility that nervous system abnor­
malities or subtle hormonal dysfunctions are involved. Little or 
no investigation has been reported in this area.
Insom nia
Inability to sleep, or fitful sleeping during the usual hours 
of rest, is a common complaint. The cause is obscure. Often the 
patients sleeps throughout the dialysis procedure, and it may be 
that the need for sleep is reduced. Otheb patients seem to have 
a pathologic inability to rest soundly.
Response to sedatives and tranquilizers is usually poor and 
. the risk of dependency considerable. Often the best answer is for 
the patient simply to get up and perform some boring task until 
sleep comes. We have seen no adverse effects from the lack of 
sleep and suspect the problem is most often one of fitful or inter­
rupted sleep— which is interpreted as "no sleep."
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CLEARANCE PROPERTIES
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159
Artist's representation of blood flow and solute
removal through the hollow fibers of the C-DAK® 
Artificial Kidney.
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Nomenclature
Open ends 
of fibers
Tube Sheet. Holds fibers 
in position. Forms gasket 
between blood and 
dialysis chambers.
.Blood In
.Arterial Header
 Red Collar, threaded.
For arterial header
Dialysate Out
.Fibers
Jacket
Dialysate In
Clear Collar, threaded. 
For venous header
Venous Header 
Blood Out
Specifications
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Dimensions:
Weight (filled):
Blood volume: 
Dialysate volume:
Fibers
• Material: . . .  
Quantity:
Effective length:
Inside diameter:
Wall thickness:
. Effective surface area:
Catalog No. 201-200
21.5  cm (81/2 in.) long x .
7.7 cm (3Vis in.) diameter • 
650 gm (1% lb) (approx.)  ^ , 
100 ml average V;
100 ml average - ‘I:
Regenerated cellulose 
13,500 
16 cm 
200 aj.
30/i
1.3 m2 (approx.)
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Features and Characteristics
The Quality of Life is important to everyone, including those  
Persons w hose renal function is insufficient to support life 
without chronic dialysis. People undergoing dialysis want to 
Hve. For them, survival has never been the only point, and 
today more than ever there is a  widespread desire for true 
rehabilitation and the attainment of an acceptable quality of 
life through technical and other important advances in the 
dialysis field. Thus the need to shorten time on dialysis and 
somehow improve treatment has stimulated the costly and 
often frustrating search for better dialyzers. . .  dialyzers that 
can significantly improve the quality of life for those who must 
use them.
The development of the Cordis Dow Artificial Kidney with 
its unique hollow fiber design, small size, low priming volume, 
high efficiency, and controlled ultrafiltration capability has 
been a significant step toward improving the lives of dialysis 
Patients. The features and performance of the C-DAK help 
rhinimize the time and effort patients must devote to their 
dialysis regimens. The superior design and resulting 
efficiency of the C-DAK have established it as the standard 
tor comparison within the hemodialysis community. The 
C-DAK has met the demands for overall reliabilty, suitability 
for use.within various treatment philosophies, and 
adaptability to available equipment and to individual patient 
needs. In addition, the geometry of the C-DAK hollow fiber 
blood compartment makes it possible to take maximum 
advantage of progress in membrane technology. In this 
respect, present C-DAK models are leading the way to a still 
more effective family of dialyzers in the future.
The C-DAK offers several important benefits to the patient 
end the medical staff with regard to the basic parameters that 
define dialyzer performance— i.e., solute removal, fluid 
removal, and blood priming volume. These performance 
benefits are discussed in the following sections.
Solute Removal
"The C-DAK 1.3 is a small but efficient dialyzer. Its 1.3 m2 
surface is effective for m ass solute transfer because the 
Hollow fibers do not require a support mesh. Other designs 
cannot match the C-DAK in terms of the ratio_of s urface areaj^ 
(1.3 m2) to blood volume (100 ml). • '
The physical dimensions of the blood channels in the 
C-DAK are optimal in terms of blood film thickness, 
resistance to blood flow, number of blood channels, channel r 
Width, and membrane thickness.
Another important advantage of the C-DAK over other 
designs is its predictable membrane permeability. The 
Porosity of the membrane is controlled throughout 
manufacturing. As a result, variations in porosity fall within a 
predictable range, and this predictability offers reproducible 
solute removal and ultrafiltration. Control of permeability also 
facilitates the continued search for more efficient 
membranes.
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Fluid Removal
Accurate control of fluid removal is provided without 
intermittent infusion of saline. As one physician has 
observed: "This offers a great advantage: by knowing 
dialysis time and weight gain, we are able to predetermine 
weight loss and therefore the necessary negative 
pressure."(1)
Blood Priming Volume
Traditionally, the priming volume of dialyzers has been  
expressed as static priming volume. However, as blood flow 
rate and pressure are increased to their operating ranges, 
the blood compartment in most dialyzers expands, leading to 
a shift of as much as 300 ml of blood from the patient to the 
dialyzer.
The C-DAK is the only dialyzer available that has a truly 
nonexpandable blood compartment According to Gotch et 
al., "The small blood volume in the dialyzer. . . ,  which is fixed 
and d oes not increase more than one or 2 ml with high 
negative pressure, was found very helpful in virtually 
eliminating the hypotensive complications of dialysis which 
these patients frequently experience with other dialyzers." (2)
Summary
The C-DAK represents an important advance toward a better 
quality of life for hemodialysis patients. C-DAK advantages 
include: (a) significantly greater mass transfer of solutes, 
resulting in efficient urea and creatinine removal; (b) 
controllable ultrafiltration; (c) nonexpandable blood compart­
ment; and (d) a low ratio of priming volume to surface area.
The following conclusion should interest both dialysis 
centers and home patients: “I have seen  no dialyzer so  easy  
to handle with any kind of equipment, neither bedside 
proportioning system s nor central delivery system s, as the 
hollow fiber kidney." (3) The author adds: “The e a se  of 
handling, storing and shipping make it a favorite of our seven  
home dialysis patients who use this device. The simplicity of 
setup and operation save valuable technician time in the 
hospital." (4) .
,  •. Am- *• J  - » •
High EffJciency of Solute Removal— permits shorter dialysis • 
time than other passive/flow dialyzers. Advantageous Ratio 
of Large Membrane Surface Area to Small Volume —  permits 
com pactness with high efficiency. Small Blood Compartment 
(Priming) Volume— minimizes hypotensive tendency. Small, 
Fixed Blood Channel Height —  maintains constant blood and 
dialysate volumes regardless of pressure changes. 
Operational Flexibility —  adaptable to most dialysate 
systems; low resistance permits passive or pumped blood 
flow. Lightweight and Compact— ea se  of handling, storing 
and shipping. Simplicity of Setup and Operation —  
convenient for use in home or clinic. Disposability —  reliable, 
timesaving, reduces risk of infection. Variable Ultrafiltration 
— selecting negative pressure allows control of ultrafiltration
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Specifications
m m
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of fibers
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Dialysate in
Clear Collar, threaded. 
For venous header
Venous Header 
Blood Out
CO
CM
7.7 cm
Dimensions:
Weight (filled):
Blood volume: 
Dialysate volume:
Fibers
Material:
Quantity:
Effective length:
Inside diameter:
Wall thickness: 
Effective surface area:
Catalog No. 201-500
26.7 cm long x 
7.7 cm diameter 
760 gm (12/3 lb.,approx.) 
135 ml average 
150 ml average
Regenerated cellulose
13,500
21 cm
200/x
30 pi.
1.8 m2 (approx.)
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Features and Characteristics
T*he development of the C-DAK® Artificial Kidney, with 
•ts unique hollow fiber design, small size, low priming 
Volume, high efficiency, and controlled ultrafiltration 
capability, is recognized throughout the world as a 
significant step toward improving the quality of life for 
hemodialysis patients.
The need to advance hemodialysis treatment 
continues to be the stimulus for Cordis Dow's search 
tor better hollow fiber dialyzer designs.
The addition of the 1.8m2 hollow fiber dialyzer (the 
C-DAK 1.8 Artificial Kidney) to the Cordis Dow family of 
dialyzers offers added design features for meeting 
specific patient requirements.
C-DAK 1.8 Design F eatu res
The C-DAK 1.8 Artificial Kidney combines features of 
toe C-DAK 1.3 and the C-DAK 2.5 by using the same 
jacket diameter, number of fibers, header, and screw 
bands as the C-DAK 1.3, and adding the length of the 
C-DAK 2.5. These features have made it possible to 
tocrease the volume of the blood compartment to only 
35 ml more than that of the C-DAK 1.3 Artificial Kidney.
Improved C learances and Ultrafiltration
The C-DAK 1.8 Artificial Kidney provides performance 
characteristics that fall between those of the C-DAK 1.3 
and the C-DAK 2.5. By improving the ultrafiltration by 
Approximately 30% over the C-DAK 1.3, and also 
jncreasing clearances somewhat, a greater flexibility 
’h ultrafiitration combinations can be offered to meet 
specific patient requirements.
^*DAK Features and  C haracteristics ^
H'gh Efficiency and Solute Removal may permit 
shorter dialysis time than other passive-flow dialyzers. 
Advantageous Ratio of Large Membrane Surface Area 
to Small Volume — permits compactness with high 
®fficiency. Small Blood Compartment (Priming) Volume 
"-minimizes hypotensive tendency. Small, Fixed
Blood Channel Heights — maintain constant blood and 
dialysate volumes regardless of pressure changes. 
Operational Flexibility — adaptable to most dialysate 
systems; low resistance permits passive or pumped 
blood flow. Lightweight and Compact — ease of 
handling, storing, and shipping. Simplicity of Setup and 
Operation — convenient to use in home or clinic. 
Disposability — reliable, timesaving, reduces risk of 
infection. Variable Ultrafiltration — selecting negative 
pressure allows control of ultrafiltration rate 
independent of solute clearances.
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4
The Cordis Dow Artificial Kidney (C-DAK®) is a 
disposable hemodialyzer designed to be used at 
clinicat centers or in the home. Dialysis takes place 
through small-diameter hollow fibers produced from a 
Polymeric material specifically designed for 
hemodialysis. The C-DAK offers high dialysis 
efficiency along with other important advantages.
The C-DAK is manufactured by the Cordis Dow 
Corporation, which is owned jointly by Cordis 
Corporation and The Dow Chemical Company.
The construction, clinically obtained performance 
characteristics. and a diagram of the Model 5 are 
described on the following pages. Please refer to this 
Material before using the Model 5 C-DAK.
Caution
because of its large surface area (2.5 square meters), 
i the Model 5 C-DAK is a highly efficient dialyzer. It is 
* therefore recommended for use only with patients 
who can tolerate the rapid removal of solutes and 
water.
Cordis Dow Artificial Kidneys and related equipment 
I should be discarded after one use because their
'ntegrity or function may be impaired through use or
j cleaning. In addition, blood components are
sxtremely difficult to remove completely from these 
'terns, and therefore adverse patient reactions may 
result from reuse.
The Cordis Dow Artificial Kidney can be damaged by 
high or low temperatures. Suggested ambient 
temperature range: 32:F (0SC) to 98:F (37eC).
federal (U.S.A.) law restricts this device to sale by or on 
j the order of a physician.
i
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C-DAK Model 5
Dimensions:
Weight (filled):
Blood volume: 
Dialysate volum e: .
Fibers
Material:
Quantity:
Effective length:
Inside diameter:
Wall thickness: 
Effective surface area:
26.7 cm (IOV2 in.) long 
x 8.9 cm (3Vi in.) diameter 
1080 gm (2Vi lb, approx.) 
180 ml average 
320 ml average
Regenerated cellulose 
20,000  
21 cm
200 u.
30 m
2.5 m2 (approx.) on
r
*
8.9 cm (3Vfein.)
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Performance Characteristics
1- Typical flow resistance in blood compartment at blood 
flow rate of 200 ml/min whole blood of hematocrit 20:15 
to 20 mm Hg.
2. Typical flow resistance in dialysate compartment at 
dialysate flow rate of 500 ml/min: 20 mm Hg.
3. Typical clearances at 200 ml/min blood flow and 500 
ml/min dialysate flow (see Fig. A):
Urea 184 ml/min
Creatinine 154 ml/min
Uric acid 148 ml/min
Phosphate 140 ml/min
4- Typical clearance of Vitamin B12. as measured in vitro, 
is 40 ml/min with an ultrafiltration rate of 10 ml/min.
3- Typical in vitro ultrafiitration: 3.0 ml/hour/mm Hg 
transmembrane pressure. For example, at 300 mm 
Hg ultrafiltration will be 900 ml/hour. See Fig. B.
173
Figure A
A, Urea ■ Creatinine O Uric Acid •P h o sp h a te
Figure B
Effect of transmembrane pressure on 
ultrafiltration rate at 37°C.
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range. If the delta  p ressu re in c r e a se s  significantly  
from the initial reading, m ore frequent readings are 
recom m en ded . In c ircu m sta n ces of grossly  
in ad eq u ate heparinization or large air inclusions in 
the fibers, higher delta  p ressu res  m ay be s e e n . In 
th e s e  in sta n ces, an in crea sed  delta p ressu re of 45  
mm Hg over the initial reading ind icates that 
rep lacem en t of the dialyzer should b e con sid ered .
Monitoring N e ga tive  P ressu re  
'n the A rte r ia l L ine 
Vistula P ressu re )
If the n egative p ressure in the arterial line (fistula 
p ressu re) is monitored instead  of the delta p ressu re  
(.1 P), a rigid drip cham ber m ust b e p ositioned  before  
the blood pump. Fistula p ressu re  will b e  m onitored a s  
a n egative  p ressure value, while the v en o u s p ressu re  
reading will remain positive.
M ac h in e  R equirem ents . In delivery sy s te m s  with two 
blood p ressu re m onitors, on e  g a u g e  typically has a  
p ressu re range of - 1 5 0  to - 1 5 0  mm Hg and the 
se c o n d  g a u g e  h as a range of - 5 0  to - 3 0 0  mm Hg. 
B e c a u se  the operating range of n egative p ressu re  
can  approach - 1 5 0  mm Hg, the monitor with the 
lower n egative pressure range (that is, - 1 5 0  mm Hg) 
should  b e u sed . Delivery sy s te m s  without a monitor 
that m ea su res to - 1 5 0  mm Hg can n ot effectively  
monitor low fistula p ressu re . In th ese  c a s e s ,  an 
auxiliary monitor that m e a su r es  to - 1 5 0  mm Hg is 
required.
Ultrafiltration Rate. W hen monitoring fistula pressure, 
the pressure of the ven ou s drip cham ber is u sed  to 
determ ine total transm em brane pressure.
?ete rm in ing  N ega tive  
. A ssu re  to  Be Used 
r° r U ltra fi ltra t ion
Ultrafiltration is the result of transm em brane p ressu re  
(TMP) and occurs in the M odel 5 C-DAK at the rate 
of 3 .0  ml/hr/mm Hg TMP. T ransm em brane p ressu re  
is the sum  of the applied n eg a tiv e  p ressu re in the  
d ia lysa te  com partm ent and the positive p ressu re in 
the blood com partm ent. P ositive p ressu re is norm al­
ly monitored at the v en o u s drip cham ber and is 
d ep en d en t upon su ch  variab les a s blood flow rate, 
the condition of the shunt or fistula, hem atocrit, the 
s iz e  and position of the v en o u s  n eed le , and the  
position of the patient.
To determ ine the n eg a tiv e  p ressu re setting  for 
ultrafiltration:
1. Add the w eight (or equ ivalent volum e) of all fluids to 
b e  rem oved during d ia lysis, including:
a. patient's w eight to b e  rem oved .
b. fluids g iven  orally or intravenously during dialysis.
c . the prime, if adm inistered .
d. sa lin e rinse back.
Approxim ate equ ivalents: 1 lb =  5 0 0  ml*
1 kg =  10 0 0  ml
*1.1. lb =  500  ml. H ow ever, for e a s y  com putation, 1 
lb =  5 0 0  ml.
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2. To  obta in  the  a m o u n t  of fluid to b e  r e m o v e d  pe r  hour,  
divide the  total a m o u n t  of fluid to b e  r e m o v e d  by the 
n u m b e r  of hours .
3. T o obtain the TMP n e e d e d  to rem o v e  the w eight, 
divide th e am ount of fluid to be rem o v ed  per hour by 
th e ultrafiltration rate (3 .0 ).
4. W hen the d esired  blood flow rate is r e a ch ed , subtract 
the p ositive  p ressu re  on the b lood  p ressu re  
m onitor(s) from the TM P. T he num ber ob ta ined  is  the  
n eg a tiv e  p ressu re  n e e d e d  for ultrafiltration.
N ote: T he d esired  m axim um  blood  flow  rate and  
n eg a tiv e  p ressu re  should  b e  ob ta in ed  within 10 to 15 
m in u tes after the start of d ia ly s is  or th e patien t m ay  
not lo se  the d esired  w eigh t. The ultrafiltration rate is 
b a se d  on total treatm ent tim e.
E x a m p le :
P atien t to lo s e  3 l b ............................... ............  = 1 5 0 0  ml
S a lin e  prime including
blood lin es (w hen in f u s e d ) .............. ............  =  3 4 0  ml
Lunch ........................................................... ............  =  3 2 0  ml
S a lin e  rinse b a c k ................................. ............  =  3 0 0  ml
Total fluid to  be rem oved «
during d ia ly s i s ........................................ ............  = 2 4 6 0  ml
^ 2/ h r  =  f,uid t0 be rem oved
3 ' =  2 0 5  mm Hg TMP3  ml/hr/mm Hg s
4 . 2 0 5  mm H g TMP
- 5 0  mm  H g positive p ressu re  (m ea su r ed  at v e n o u s
1 5 5  mm H g n eg a tiv e  p ressu re  ^rip cb a m b er)
B lo o d  L e a k  P r o c e d u r e  W hen the b lood  leak  m onitor is activ a ted , ch ec k  the
d ia ly sa te  outflow  to s e e  if the d ia ly sa te  h a s  a red or 
pink color.
1. If the d ia ly sa te  d o esn 't ap pear to be red  or pink, ch eck  
th e d ia ly sa te  effluent with a  H em astix .
2 . If the H em astix  te s t  is p ositive  (indicating the  
p r e se n c e  o f blood in the d ia ly sa te ) but th e  d ia ly sa te  
a p p ea rs  c o lo r le ss  or on ly  faintly pink, le a k a g e  from 
o n e  or a  few  fibers often  will s to p  if the n eg a tiv e  
p ressu re  is  redu ced  to le s s  than 5 0  mm Hg for 15  
m in u tes. After running 15 m inutes at the low er  
n eg a tiv e  p ressu re , r e c h e c k th e  d ia ly sa te  effluentw ith  
a  H em astix . If th e te s t  is n eg a tiv e , th e  fibers h a v e  
s e a le d  off and the n eg a tiv e  p ressu re  ca n  b e s lo w ly  
in crea sed  to the p reviou s settin g  an d  d ia ly sis  
con tin u ed . R ech eck  the d ia ly sa te  e fflu en t with a
j  H em astix  after 15 m in u tes at th e h igh er n eg a tiv e
p ressu re  settin g . If the te s t  rem ain s n e g a tiv e , d ia ly sis  
can  b e  con tin ued . If the te s t  is  p o sitiv e , it is 
reco m m en d ed  that th e  p rocedu re b e  started  aga in  
with a  n ew  C-DAK.
. 21
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SUBJECTIVE RATING SCALE
DIRECTIONS:
Each p a i r  o f  s ta te m e n ts  you s e e  below  i s  s e p a r a te d  by th e  num bers 
7 - 6 - 5 - 4 - 3 - 2 - 1 .  I f  you a g re e  c o m p le te ly  w i th  t h e  s ta te m e n t  on th e  
l e f t  s id e  o f  th e  page c i r c l e  th e  number 7 .  I f  you a g re e  c o m p le te ly  
w ith  t h e  s ta te m e n t on th e  r i g h t  s id e  o f  t h e  page c i r c l e  th e  number 1 . 
I f  y o u r  ag reem en t l i e s  somewhere i n  b e tw een  c i r c l e  th e  number 6 ,5 ,4 ,3 ,  
o r  2 d e p e n d in g  upon w hich  num ber e x p re s s e s  y o u r f e e l i n g .
F o r exam ple i n  i te m  one:
I f  you had no cram ps a t  a l l  c i r c l e  7 .  
I f  you had  m ild  cram ps c i r c l e  6 o r  5 . 
I f  you had  m o d e ra te  cram ps c i r c l e  4 .  
I f  you had  b ad  cram ps c i r c l e  3 o r  2. 
I f  you  had  v e ry  bad  cram ps c i r c l e  1 .
R ead each  ite m  v e ry  c a r e f u l l y  b e f o r e  you c i r c l e  a  num ber. I n  t h i s  
way you w i l l  b e  s u re  t h a t  th e  number you c h o se  a c c u r a te ly  e x p re s s e s  
y o u r f e e l i n g  on a g iv e n  q u e s t io n .  Your c o o p e r a t io n  in  f i l l i n g  o u t  
t h i s  q u e s t io n n a i r e  i s  g r e a t l y  a p p r e c i a t e d .
THESE STATEMENTS REFER TO HOW YOU FEEL RIGHT NOW:
I  am i n  a  v e ry  good mood. 7 - 6 - 5 - 4 - 3 - 2 - 1  I  am in  a v e ry  bad  mood.
I  f e e l  v e ry  a n x io u s  and  7 - 6 - 5 - 4 - 3 - 2 - 1  I  f e e l  v e ry  r e l a x e d .
n e rv o u s
I  f e e l  p h y s i c a l l y  v e ry  
s t r o n g .
7 - 6 - 5 - 4 - 3 - 2 - 1  I  f e e l  p h y s ic a l l y  v e ry
weak.
I  f e e l  v e r y  s le e p y . 7 - 6 - 5 - 4 - 3 - 2 - 1  I  f e e l  f u l l y  aw ake.
I  have a l o t  o f  e n e rg y  t o  
do t h i n g s .
7 - 6 - 5 - 4 - 3 - 2 - 1  I  have a lm o s t no e n e rg y
to  do t h in g s .
My th o u g h ts  a r e  v e ry  
c o n f u s e d .
7 - 6 - 5 - 4 - 3 - 2 - 1  My th o u g h ts  a r e  v e ry
c l e a r .
I f  I  w ere  t o  do so m eth in g  7 - 6 -5 - 4 - 3 - 2 - 1 -
I  c o u ld  keep  my m ind on i t
e a s i l y .
I f  I  w ere  to  do some­
th in g  I  w ould hav e  much 
t r o u b l e  k e e p in g  my mind 
on i t .
I  f e e l  v e ry  s a d . 7 - 6 - 5 - 4 - 3 - 2 - 1  I  f e e l  v e ry  h ap p y .
177
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P e o p le  e n jo y  b e in g  w ith  
me.
I  f e e l  d i f f e r e n t  th a n  m ost 
p e o p le .
I  f e e l  p h y s i c a l l y  v e ry  
h e a l t h y .
My body i s  f u l l  o f  p a i n .
I  do n o t  have a  h e a d a c h e .
I  f e e l  l i k e  my b lo o d  
p r e s s u r e  i s  e i t h e r  much 
to o  h ig h  o r  muah to o  low .
I  f e e l  l i k e  I  am b r e a th in g  
n o rm a lly .
My f e e t  b u m  s e v e r e ly  
a n d /o r  f e e l  v e ry  numb.
My m u sc le s  a r e  f r e e  from  
c ra m p s .
I  i t c h  v e ry  b a d ly .
I  h av e  no c h e s t  p a i n .
7 - 6 - 5 - 4 - 3 -2 -1  
7 - 6 -5 - 4 -3 - 2 - 1  
7 - 6 - 5 - 4 - 3 - 2 - 1  
7 - 6 - 5 - 4 - 3 - 2 - 1  
7 - 6 - 5 - 4 - 3 - 2 - 1  
7 - 6 - 5 - 4 - 3 - 2 - 1
7 - 6 - 5 - 4 - 3 - 2 - 1
7 - 6 - 5 - 4 - 3 - 2 - 1
7 - 6 - 5 - 4 - 3 - 2 - 1
7 - 6 -5 - 4 - 3 - 2 - 1
7 - 6 - 5 - 4 - 3 - 2 - 1
P eo p le  d i s l i k e  b e in g  
w ith  me.
I  f e e l  I  am l i k e  m ost 
o th e r  p e o p le .
I  f e e l  p h y s ic a l ly  v e ry  
k ic k .
My body i s  f r e e  from  
p a in .
I  have a  v e ry  bad  h ead ­
a c h e .
I  f e e l  l i k e  my b lo o d  
p r e s s u r e  i s  n o rm a l.
I  f e e l  l i k e  I  am 
g ra s p in g  f o r  b r e a th .
I  do n o t  have any 
b u rn in g  o f  num bness in  
my f e e t .
My m u sc les  cram p v e ry  
b a d ly .
I  am n o t  i t c h y  a t  a l l .
I  have v e ry  bad  c h e s t  
p a i n .
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Spearman Correlation of Discomfort Index and
Individual Elements of the Subjective Rating Scale
(N = 20)
P a i r Day
Spearm an 
C o e f f .
S ig .
L ev e l
D isc o m fo r t W ith  Mood 0 .6218 .003
1 .7517 .001
2 .8133 .001
D isc o m fo r t W ith  A n x ie ty 0 .7588 .001
1 .5552 .0 1 1
2 .8396 .001
D is c o m fo r t W ith  W eakness 0 .7801 .001
1 .8548 .001
2 .8219 .001
D isc o m fo r t W ith  S le e p in e s s 0 .3824 .096
1 .6199 .004
2 .6479 .002
D is c o m fo r t  W ith  E n e rg y  L e v e l 0 .9297 .001
1 .7638 .001
2 .8240 .001
D isc o m fo r t W ith  C o n fu s io n 0 .5586 .01
1 .8826 .001
2 .8965 .001
D isc o m fo r t W ith  S ad n ess 0 .5813 .007
1 .7267 .001
2 .8638 .001
D isc o m fo r t W ith  S e lf -C o n c e p t 0 .5701 .009
1 .6890 .001
2 .6341 .003
D is c o m fo r t W ith  C om parison  o f 0 .5390 .014
S e l f  w ith  O th e rs 1 .5676 .009
2 .6085 .004
D isc o m fo rt W ith  O v e r a l l  H e a lth 0 .7861 .001
1 .8098 .001
2 .8257 .001
D isc o m fo r t W ith  P a in 0 .7783 .001
1 .8712 .001
2 .7127 .0 0 1 .
D isc o m fo r t W ith  H eadache 0 .2024 .392
1 .2325 .324
2 .4793 .032
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(N = 20)
P a i r Day
Spearman 
C o e f f .
S ig .
L ev e l
D isc o m fo r t W ith Blood P r e s s u re 0 .7200 .001
1 .4716 .036
2 .6679 .001
D isc o m fo rt W ith B re a th in g 0 .6863 .001
D i f f i c u l t y 1 .6332 .003
2 .7214 .001
D isc o m fo rt W ith  B urn ing 0 .4862 .030
1 .1734 .465
2 .2170 .358
D isc o m fo rt W ith  Cramping 0 .5818 .007
1 .4363 .054
2 .4594 .042
D isc o m fo rt W ith I tc h in g 0 .7465 .001
1 .4581 .042
2 .7869 .001
D isc o m fo rt W ith C h es t P a in 0 .6608 .002
1 .3239 .164
2 .5470 .013
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PEARSON INTERCORRELATION OF SENSORY-MOTOR AND
COGNITIVE MEASURES DAY ZERO*
(N = 20)
P ea rso n S ig .
S en so ry -M o to r & C o g n it iv e  M easure P a i r C o r r .  C o e f f . L ev e l
D i g i t  S y m b o l/T ra ils  A.Time - .6 0 2 7 p = .005
D ig i t  S y m b o l/T ra ils  B Time .6240 p = .003
T r a i l s  A T im e /T ra i l s  B Time .7458 p < .009
T r a i l s  A T im e /T ra i ls  B E r r o r .5827 p = .007
T r a i l s  A E r r o r / T r a i l s  B Time .7421 p < .009
T r a i l s  B T im e /T ra i l s  B E r r o r .6953 p = .0 0 1
G rooved P eg -B oard  Time In  N on-D om inant/ 
G rooved P eg b o ard  Time I n  D om inant
G rooved P eg b o ard  D om inant Time O u t /T r a i l s  A 
Time
G rooved P egboard  D om inant Time O u t /T r a i l s  A 
E r r o r
G rooved P eg b o ard  D om inant Time O u t /T r a i l s  B 
Time
G rooved P eg b o ard  N on-D om inant Time O u t /T r a i l s  
A Time
G rooved P egboard  N on-D om inant Time O u t /T r a i l s  
A E r r o r
G rooved P eg b o ard  N on-D om inant Time O u t/
T r a i l s  A E r r o r
G rooved P eg b o ard  N on-Dom inant Time O u t/  
T r a i l s  B Time
Word F lu e n c y /T r a i l s  A E r r o r  
Word F lu e n c y /T r a i l s  B E r r o r  
S e a sh o re  R hy thm /C olor Naming E r r o r  
C h o ice  R e a c tio n  T im e /T ra i ls  A E r r o r
.6398
.6076
.8995
.7490
.5854
.8607
.8607
p = .002
p = .004 
p < .0009 
p < .0009 
p = .007  
p <, .0009 
p < .0009
.6958 P ■K .001
.6047 P = .005
.6841 P = .001
- .5 8 1 7 P = .007
.6190 P = .004
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S enso ry -M oto r S C o g n itiv e  M easure P a i r
P ea rso n  
C o r r .  C o e ff .
S ig .
L evel
G rooved P egboard  Non-Dominant Time O u t/ 
G rooved P egboard  Dom inant Time Out .9639 P .0009
Speech Sounds P e rc e p tio n /G ro o v e d  P egboard  
E r r o r  In  Dominant - .5 4 3 0 P = .013
C hoice R e a c tio n  T im e/G rooved P egboard  
D om inant Time Out .5946 P = .006
C hoice R e a c tio n  Tim e/G rooved P egboard  
Non-Dominant Time Out .5750 P = .008
*Only S en so ry -M o to r & C o g n it iv e  P a i r s  w ith  P e a rso n  c o r r e l a t i o n s  o f  
p  < .01 a r e  in c lu d e d .
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P e a rso n  I n t e r c o r r e l a t i o n  o f  S en so ry -M o to r and C o g n itiv e
M easures -  Day One*
(N = 20)
S en so ry -M o to r a C o g n i t iv e  P a i r
P ea rso n  
C o r r e la t io n  
C o e f f .
S ig n i f ic a n c e
L ev e l
T r a i l s  B T im e /T ra i l s  B E r r o r .8279 P < .0009
G rooved P egboard  Time I n  Non- 
D om inant/G rooved P eg b o ard  Time 
In  D om inant .7609 P .0009
G rooved P egboard  N on-Dom inant 
Time O u t /T r a i l s  B Time .7469 P < .0009
G rooved P egboard  D om inant Time 
O u t /T r a i l s  b E r r o r .6918 P = .0 0 1 :
S e a sh o re  R hy thm /C olo r Naming 
E r r o r - .5 8 6 7 P = .007
G rooved P egboard  D om inant Time 
O u t/Q u ick  T e s t .5604 P = .01
Q uick  T e s t /P ro v e r b s  T e s t .6751 P = .001
*Only s e n so ry -m o to r  and  c o g n i t i v e  p a i r s  w ith  P e a rso n  c o r r e l a t i o n s  
o f  p  < .01 a r e  in c lu d e d .
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P e a rso n  I n t e r c o r r e l a t i o n  o f  S en so ry -M o to r & 
C o g n it iv e  M easures-D ay  Two*
(N = 20)
P e a rso n
S en so ry -M o to r & C o r r e la t io n  
C o g n it iv e  M easure C o e f f .
S ig n i f ic a n c e
L evel
T r a i l s  B T im e /T ra i ls  B E r r o r .6979 P = .001
D i g i t  Span B a c k w a rd /T ra ils  B E r r o r - .6 8 6 9 P = .001
B e n to n /T r a i l s  B Time - .5 5 8 7 P = .010
B e n to n /T ra i l s  A Time - .5 5 8 2 P = .011
P ro v e rb s  T e s t / T r a i l s  A E r r o r - .5 4 4 0 P = .013
F in g e r  T app ing  D o m in a n t/T ra ils  A 
E r r o r .5458 P = .013
F in g e r  T app ing  D o m in an t/C o lo r 
Naming Time - .5 6 2 9 P = .010
F in g e r  T app in g  D o m in a n t/F in g e r  
T ap p in g  Non-Dom inant .6463 P = .002
D ig i t  Span F o rw a rd /D ig it  Span 
Backw ards .6065 P = .005
Q uick T e s t /P r o v e r b s  T e s t .6954 P = .001
Speech Sounds P e r c e p t io n /P r o b e r b s  
T e s t .6359 P = .003
G rip  S t r e n g th  D om inance/G rip  
S t r e n g th  Non-Dom inant .8956 P < .0009 -
Q uick T e s t / D i g i t  Span Forw ard .6165 P = .004
G rooved P eg b o ard  D om inant Time I n /  
G rooved P eg b o ard  Non-Dom inant Time 
In .7171 P < .0009
G rooved P eg b o ard  D om inant Time O u t/  
G rooved P egboard  D om inant Time I n  .5858 P ss .007
G rooved P eg b o ard  Non-Dom inant Time 
In /W ord F lu e n c y - .5 5 0 8 P = .012
G rooved P egboard  D om inant Time O u t/
G rooved P egboard  N on-Dom inant Time
Out .6834 P .001
*Only s e n so ry -m o to r  and  c o g n i t i v e  p a i r s  w ith  P e a rso n  c o r r e l a t i o n s  
o f  p  < .01 a r e  in c lu d e d .
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Im pairm ent Ranges*
High M ild ly  M oderately  S ev e re ly
T e s t________________________ Normal Normal_____ Im paired  Im paired  Im paired
Benton V isu a l R e te n tio n  8 -
- D ig i t  Symbol (S caled) >
D ig i t  Span (S caled) >
T ra ilm ak in g  A Time (S ec .) <
T ra ilm ak in g  B Time (S ec.) <
Word F luency  >
Grooved Pegboard Dominant Time (S ec.) <
Grooved Pegboard Non-Dominant Time (S ec .) < 
C olor Naming Time (S ec.) <
G rip  S tre n g th  (K g.) :
Male Dominant >
Female Dominant >
Male Non-Dominant >
Female Non-Dominant >
Speech Sounds P e rc e p tio n
(E rro rs)  (60 item s) 0 -
S eashore Rhythm (E rro rs)  0 -
F in g er Tapping:
Male Dominant >
Female Dominant >
Male Non-Dominant >
Female Non-Dominant >
10 6 - 8 4 - 5 2 - 3 1 -  0
12 12 - 8 7 - 5 4 - 3 3
11 11 - 8 7 - 6 5 - 4 4
24 24 - 30 31 - 51 52 - 71 > 72
46 46 - 64 65 - 90 91 - 120 > 120
20 20 - 16 15 - 12 11 - 6 < 6
60 61 - 66 67 - 75 76 - 110 > 110
65 66 - 73 74 - 81 82 - 115 > 115
110 110 - 133 134 - 179 180 - 239 > 240
55 55 _ 35 34 __ 20 11 _ 6 < 6
40 40 - 25 24 - 15 19 - 6 < 6
45 45 - 30 29 - 17 14 - 5 < 5
35 35 - 22 21 - 13 16 - 5 < 5 ~
3 4 _ 7 8 _ 14 15 __ 25 > 25
2 3 - 5 6 - 9 10 - 13 > 13
54 54 _ 50 49 _ 43 42 _ 20 < 20
50 50 - 46 45 - 39 38 - 17 < 17
48 48 - 44 43 - 38 37 - 18 < 18
44 44 — 41 40 — 34 33 — 15 < 15
*Adult norms a s  u t i l i z e d  in  th e  Ham ilton P s y c h ia tr ic  H o sp ita l N europsychology L ab o ra to ry . 190
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